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Executive Summary

The utilisation of low value meat cuts and non-meat parts of the animal which make up about
60% of the total carcass weight, is critically important to assist in enhancing the sustainable
productivity and profitability of the red meat industry. Bovine livers are rich in nutrients such
as iron, zinc, protein and Vitamin A (retinol). These under-utilised co-products have the
potential to address the global nutritional deficiencies in developing countries through
effectively transforming these raw materials into stable, value-added ingredients to provide a
readily accessible and affordable source of complimentary food rich in nutrients. However,
the levels of Vitamin A in fresh bovine livers are extremely high and variable, which require a
significant reduction to a recommended safe level for intake as routine consumption of large
amounts over a period of time can result in toxic symptoms.

This project is part of MLA’s initiative to address the micronutrient deficiencies in developing
countries and was mainly commissioned for the production of various dried powders (i.e.,
beef liver, beef meat and placebo) to the required quantity and specifications for nutritional
trials in Indonesia. The main focus of the work was to develop a process for the production
of powdered dried beef liver that contains Vitamin A at the recommended level safe for
intake (i.e., <6,000 ug per 100 g dried powder). Furthermore, the powder quality with respect
to the nutritional, functional and microbiological specifications and fithess for human
consumption and suitability for export to Indonesia was determined. The development of the
manufacturing process, however, was limited to mainly using the standard freeze drying
method.

A number of laboratory experiments were conducted to investigate the effects of pre-drying
steps (i.e., sample preparation, cooking and hot oil treatment) in terms of producing
desiccated beef liver powder with the desired level of Vitamin A. The findings from the
laboratory study revealed a significant impact of these processing steps in reducing the
Vitamin A level. The results of the laboratory experiments showed that about 89% reduction
in Vitamin A can be achieved through a series of processes, such as dicing the raw fresh
beef liver into 10-15 mm cubes, subsequently cooking in hot water at 80°C for 15-25 minutes
then mincing followed by a double step hot oil treatment at 60°C for 2 hours in each step.
The double hot oil treatment was found to be the main processing step to contribute to a
major reduction of Vitamin A level. The cooking step contributed in the overall reduction of
Vitamin A, in addition to its important role as a thermal treatment of the product for
microbiological safety.

A pilot scale manufacturing process was developed based on the processing methods and
conditions established in the laboratory study and tested for the production of a larger
guantity of dried beef liver powder to the required specifications. The pilot manufacturing
process involved a series of food processing steps, consisting of major unit operations such
as cooking in hot water, double step hot oil treatment, and freeze drying. The results of the
pilot trials showed a Vitamin A reduction of 89% in dried beef liver powder manufactured at
this scale with a corresponding 19% production yield of powder. The cooking step imparted
a significant weight loss of the product (about 32%) and resulted in a 7% reduction in
Vitamin A. The double step hot oil treatment significantly reduced the level of Vitamin A in
the dried powder by 78% and also imparted an additional weight loss reduction of 5%. The
drying process contributed to the major reduction in weight of the product (i.e., mainly
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moisture loss) in the manufacturing process and resulted in a 10% reduction in Vitamin A.
Overall, the results of the pilot scale trials in terms of reducing the Vitamin A to the required
level in the dried powder are consistent with those obtained in the laboratory experiments,
demonstrating the scalability of the process.

The dried beef liver powder contained the required level of Vitamin A. However, there were
instances where Vitamin A in the dried liver powder still exceeded the required level due to
cases of extremely high levels of Vitamin A in raw fresh beef liver. In these cases, blending
with dried meat powder was an ideal option to achieve the required level of Vitamin A as the
dried meat powder contained very low amounts of Vitamin A. In addition, it is likely that
further degradation of Vitamin A in dried beef liver powder can be achieved in the
subsequent storage, depending on drying methods and storage conditions.

Both beef liver and meat powders were found to be good sources of protein and
micronutrients (i.e., iron and zinc). In particular, the iron content of the beef liver powder was
about 3 times higher than the beef meat powder. However, both micronutrients were
significantly affected by the manufacturing process, suggesting that a better understanding
of the effect of various processing steps and conditions is also important for the optimal
retention of these micronutrients. The placebo powder was also analysed in terms of its
nutritional and functional properties and found to contain very little traces of Vitamin A, iron
and zinc (as intended) with similar functional properties to the dried beef liver powder and/or
beef meat powder.

The pilot manufacturing process for the production of all dried powders was carried out in
accordance with a HACCP (hazard analysis critical control point) food safety plan and good
manufacturing practices to ensure their fithess for human consumption. The results of the
microbiological tests of these dried powders confirmed the compliance of the manufacturing
process with food safety requirements. These products were also manufactured to comply
with the regulatory requirements for export to Indonesia. A trial shipment of these products to
Indonesia, designed to acquire a “pass bill’ and to determine the required export
documentations, was successful, confirming their suitability for export to this country.
Subsequently, a batch of the final products was also successfully shipped to Indonesia. The
exportation of the remaining products is currently underway.

In general, this work has generated new knowledge in the manufacturing process of dried
beef liver powder with the required level of Vitamin A, and provided invaluable insights to
build upon the development and application of the process at industrial scale. However, it
should be emphasised that this work was limited to the development and application of a
specific drying method (i.e., freeze drying), as the focus was mainly to produce and deliver a
powdered dried beef liver that is fit for human consumption and suitable for export. The high
costs associated with the freeze drying method preclude the industrial scale utilisation of this
drying technology.

The development of a cost-effective manufacturing process for the production of powdered
dried products from any raw feedstocks relies greatly on the development and application of
the most efficient drying technique. This is due to the fact that drying, the key operation in
the process, is an energy-intensive operation and usually affects the microbiological,
nutritional and functional qualities of the dried products due to exposure to longer drying
times or elevated temperatures. In addition, the selection of the best drying method depends
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on the pre/post drying steps that also influence the overall costs of the manufacturing
process (e.g., a new drying concept could eliminate the hot oil treatment to achieve the
required level of Vitamin A). It should be noted that the selection of the best drying approach
is extremely complex due to the diverse factors involved as identified in the literature review,
necessitating the need to undertake a detailed techno-economic evaluation of various
options to obtain the best drying approach.

It is therefore recommended that further R&D work is undertaken to establish a fundamental
understanding and basis to build upon the development of a cost-effective and scalable
manufacturing process at industrial scale operations.

o Develop and optimise a new drying concept (e.g., application of ultrasonics) for a
cost-effective and scalable process as an alternative to freeze drying to produce
dried beef liver powder with reduced Vitamin A levels whilst minimising the impact
of the process on micronutrients (i.e., iron and zinc) degradation with better control
of the functional attributes (e.g., flowability, solubility) of the dried powder.

¢ Investigate the effects of pre/post drying processes in terms of process performance
(i.e., cost-effectiveness, scalability and effectiveness in reducing Vitamin A levels)
and their impact on micronutrients degradation, functional and microbial attributes of
the dried product.

e Evaluate the possibility of masking the undesirable flavours of the dried product
using microencapsulation and/or alternative masking technologies through
improved understanding of the flavour profile as affected by processing using
advanced techniques (e.g., GC-MS).

e Assess the potential of capturing Vitamin A in the extraction process as a further co-
product (i.e., natural source of Vitamin A) and utilisation of other offals (e.g., heart,
kidney, etc) for blending with the beef liver powder to alternatively achieve the
required level of Vitamin A in a cost-effective manner.

e Study the stability of Vitamin A and micronutrients at different storage conditions in
dried liver powder and in various food product formats fortified with dried liver
powder, and develop strategies to minimise the degradation during storage.

The findings from the future work would strengthen the application and adoption of the
manufacturing process at industrial scale operations. These would not only assist the red
meat processing sector in enhancing their sustainability and profitability (i.e., through
capturing more value from under-utilised co-products), but would also provide a readily
accessible and affordable source of complimentary nutrient-rich food to address the global
nutritional needs of the at-risk children populations (especially in developing countries). It is
also expected that the manufacturing process could easily be extended to other meats and
meat products.
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1 Background

MLA is undertaking a study to investigate the feasibility of using a powdered desiccated beef
liver to prevent micronutrient deficiencies in at-risk Indonesian children aged 12 to 24
months. Provision of complementary foods, rich in micronutrients, could help address
deficiencies and ensure optimal growth, development, health and wellbeing in infants and
children. The development and implementation of effective complementary feeding
strategies is a high priority for the World Health Organisation (WHO) and Food and
Agriculture Organisation (FAO).

Several studies, including a study in New Zealand toddlers, partly funded by MLA, have
demonstrated the important role red meat plays in preventing micronutrient deficiencies,
particularly iron and zinc, and as a result optimising growth and neuro-behavioural
development. Liver is recommended by WHO as a complementary nutrient-rich food and
powdered desiccated beef liver could provide a readily accessible, culturally acceptable,
easily transportable and affordable approach to address micronutrient deficiencies in at- risk
populations. The study to be undertaken in at-risk Indonesian children will use powdered
desiccated beef liver, administered as a sprinkle on a traditional infant porridge. It will be the
first of several trials to develop a safe, efficacious and commercially-feasible product for the
target population.

This project mainly covered the development of a process for the production of powdered
dried samples (i.e., beef liver, beef meat and food placebo) to the required quantity using the
standard freeze drying technique. The quality attributes of the powdered dried samples in
terms of the nutritional, functional and microbiological specifications were assessed for their
fitness for human consumption and requirements for the preparation of the product suitable
for export to New Zealand and Indonesia.

It is well documented that freeze drying is considered to be the best method of drying foods
from the product quality point of view. However, the high costs of freeze drying preclude the
industrial scale utilisation of this technology. A scoping literature review of alternative drying
technologies to the freeze drying was undertaken to identify the most cost-effective drying
process for the production of desiccated liver powder.

2 Projective Objectives

2.1 Objective

The main objective of this project was to investigate and develop a process using freeze
drying for the manufacture of powdered dried beef liver, beef meat and food placebo
samples to the required quantity and determine the qualities with respect to the nutritional,
functional and microbiological specifications and document their fithess for human
consumption and suitability for export to New Zealand and Indonesia.

2.2 Deliverables

o Delivery of dried beef liver powder (10 kg), beef meat powder (10 kg), beef meat and
liver blend powder (10 kg), and placebo powder (10 kg).
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e A critical review of the literature on drying of foods which identifies the most cost
effective means of drying beef liver to the specifications.

e A report documenting the description of the process by which the powdered
desiccated samples (i.e., beef liver, beef meat and food placebo) are produced and
the qualities of these dried samples, and describing the estimated value proposition
for production of powdered liver by the most cost effective process identified in the
literature review.

3 Methodology

3.1 Literature review

A scoping literature review was undertaken to gather baseline information of the existing
drying technologies and the associated manufacturing costs (i.e., capital and operating) of
such technologies applicable for the production of dried meat powders. Further information
of these existing drying technologies was collected in terms of their impact on the nutritional,
microbiological and functional qualities of the product. The review was also carried out to
identify suitable manufacturers and distributors of the drying technologies currently used in
the commercial production of powdered dried liver.

In addition, a comprehensive searches on the US Patent and Trademarks Office (UPSTO),
IP Australia, Derwent Innovations Index and the European Patent Office (EPO) websites
using the following search terms “Preparation or Process” AND “Desiccated or Dried or
Dehydrated” AND “Powdered or Milled or Comminuted” AND “Beef liver or Beef offal” were
undertaken to determine for any patents of the process/preparation registered in this space.

3.2 Production of powdered desiccated products
3.2.1 Materials

Samples of Halal certified edible raw fresh beef liver and minced fresh beef meat were
obtained from Wagstaff Abattoir Pty Ltd (Cranbourne, Victoria) and Werribee Station Street
Meats Pty Ltd (Werribee, Victoria), respectively. A copy of the Halal certificates is attached in
Appendix 1. These raw materials were delivered to the CSIRO’s Food Processing facility
(Werribee) in a refrigerated Meat Transport Vehicle (MTV). An example of the fresh beef
liver centre temperature profiles logged during the refrigerated transport is depicted in
Appendix 2.

For the pilot scale trials, chilled raw beef liver samples were immediately sliced into cubes
(~10-15 mm) upon receipt (Fig. 1). The slicing process was carried out manually in a
refrigerated room (<9°C). Both raw materials (i.e., diced beef liver and minced beef meat)
were then stored frozen at -18°C until further processing.

The ingredients used for the production of placebo powder, including food grade
maltodextrin (Itochu Australia Ltd), Halal compliance beef flavouring (Sensient Technologies
Australia Pty Ltd) and colouring (CHR Hansen Ltd) were obtained from commercial suppliers
(Product specifications are attached in Appendix 3). These ingredients were stored at
conditions recommended by the suppliers prior to their use.
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Fig.1. Manual slicing of fresh beef liver samples for the pilot scale trials.

3.2.2 Methods

Laboratory experiments

A series of laboratory experiments were conducted to develop a processing method for the
production of dried liver powder to the desired specifications. The main specification criterion
was the production of dried liver powder with the required level of Vitamin A (i.e., <6,000 g
per 100 g dried liver powder). The main focus of the laboratory experiments was to evaluate
the processing parameters that are likely to affect the reduction of Vitamin A to the desired
level, including sample preparation (i.e., dicing and mincing), and hot oil treatment. Each
experiment was carried out using a 100 g of raw beef liver sample. The laboratory hot ail
treatments were carried out in 250 mL glass conical flasks incubated in a temperature
controlled waterbath to maintain the desired temperature level. Constant stirring was applied
to ensure a uniform heating during the treatments.

After a series of screening tests, the effects of hot oil treatment conditions (temperature and
time) were further studied. In addition, further experiments were carried out to explore the
effect of a double step hot oil treatment utilising the best hot oil treatment conditions. The
ratio of raw liver sample and the oil during the hot oil treatment was maintained at 1:2 (w/v)
for all the experiments. In all experiments, the samples were initially cooked in hot water at
80°C for 25 minutes prior to the hot oil treatment.

Pilot scale trials

A number of pilot scale trials were conducted to produce the required quantities of various
dried powders (i.e., beef liver, beef meat and placebo). The details of the processing
methods and conditions for the production of each dried powder are presented below.

Dried beef liver powder

The manufacture of the dried beef liver powder at pilot scale was carried out utilising the
processing methods and conditions established in the laboratory experiments. The main
processing operations included cooking in hot water, hot oil treatment and freezing drying.
Frozen beef liver cube samples were thawed at 5°C cool room for about 24 hours and then
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cooked in hot water at 80°C for 15-25 minutes to ensure that the centre temperature of the
product reached to the standard conditions for cooking meat and meat products. The centre
temperatures of the product were constantly monitored during the cooking process using a
hand-held temperature sensor (EuTech Insturments, Singapore). The cooking process was
carried in a 300 L heating vessel (Cleveland, Canada) with constant stirring to ensure a
uniform heating (Fig. 2). Immediately after cooking, the cooked beef liver samples were then
minced in a pilot scale mincer with 11 mm plate (Fig. 3).

Fig. 2. Cooking of beef liver samples with hot water in a 300 L heating vessel.

The cooked/minced beef liver samples were then loaded into a 300 L heating vessel, which
was filled with canola oil pre-heated to the desired temperature of 60°C (Fig. 4). The ratio of
the product and canola oil during the hot oil treatment was maintained at 1:2 (w/v) and the
process was carried out continuously for 2 hours with constant stirring to ensure a uniform
heating and aeration. A second hot oil treatment was subsequently carried out under the
same treatment conditions (temperature and time) using a new batch of canola oil.

After the second hot oil treatment, the oil was drained in a metal mesh to separate the oil
from the solid product. An additional process was carried out to further remove the remaining
oil adhering to the product by washing the product with hot water and subsequently
centrifuging for 1-2 minutes (Fig. 5). The solids were recovered and placed in plastic bags,
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spread in thin layers on metal trays and then stored frozen at -18°C for 2-3 days prior to
freeze drying.

Fig. 4. Hot oil treatment of the cooked/minced beef liver.

Freeze drying of frozen beef liver samples was carried out in a pilot scale freeze dryer
(Cuddon FD80, Cuddon Pty, New Zealand) with the capacity of 100 kg of product per batch
(Fig. 6). The samples were freeze dried for 4-5 days under the standard freeze drying
conditions (Setpoint temperatures at -14°C for primary stage 1 and 26°C for secondary
stage 2; Vacuum pressure of 2.8 mbar). The freeze dried samples were then milled in Mauri
bowl blender for 2 minutes (Fig. 7) and sieved in 850 microns metal mesh using a SWECO
Vibro-Separator (Locker Industries Pty Ltd, Australia) pilot sieving machine (Fig. 8). The bulk
powder was then blended using a MANCA ribbon blender (Food Industry Products Pty Ltd,
Australia (Fig. 9), packed and sealed in an aluminium foil packaging, and then stored at 5°C
cool room until further final filling/sealing into 15-20 g sachets. The final filling/sealing of the
dried powders into 15-20 g sachets was undertaken by an external service provider
(Australian Vitamin & Sports Nutrition Pty Ltd, Ballina, NSW).
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Fig. 6. Photo of the pilot scale freeze dryer.
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Fig. 7. Dry milling of freeze dried beef liver.

Fig. 8. Sieving of milled beef liver.

Fig. 9. Blending of dried powders.
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Dried beef meat powder

A suite of pilot scale processing trials were also carried out to produce the required quantity
of beef meat powder. Frozen minced beef meat samples were thawed at 5°C cool room for
24 hours and then cooked in hot water at 80°C for 15-25 minutes. The cooked meat samples
were then washed with hot water and subsequently centrifuge to remove excess fats
adhering to the solids. The subsequent downstream processes (i.e., freezing, freeze drying,
milling, sieving, blending and packaging) were undertaken using the same processing
equipment and conditions as described above for the production of beef liver powder.

Dried placebo powder

A pilot scale processing of dried placebo powder was also carried out to produce the
required quantity. The details of the placebo formulation used in the pilot scale trials are
presented in Table 1. This formulation was based from the results of the screening tests
carried out in the laboratory to obtain the best match of colour, texture and flavour with the
meat powdered products.

Table 1. Placebo formulation for a batch of the pilot scale process.

Ingredients Amounts
Percentage (%) Weight (g)
Maltodextrin Fieldose 30 (Itochu Australia Ltd) 77.21 18,007.3
Malt 205-WA Brown Colouring (CHR Hansen) 3.09 720.8
FruitMax Dark Brown 710WS (CHR Hansen) 1.55 361.8
Beef Flavour XS328 (Sensient) 0.13 31.1
Water 18.02 4,203.0
Total 100.00 23,320.0

The manufacturing process of placebo powder mainly involved mixing of the ingredients by
adding maltodextrin first into the mixer/blender and then the liquid ingredients (flavour,
colouring and water). The mixing process was carried out using a Mauri bowl! blender for 90
seconds. The wet blends were placed in plastic bags and spread thinly on metal trays. The
subsequent downstream processes (i.e., freezing, freeze drying, milling, sieving, blending
and packaging) were also undertaken using the same processing equipment and conditions
as described above for the production of beef liver and meat powders.

3.2.3 Analyses

Duplicate samples of the dried powders (i.e., beef liver, beef meat and placebo) were sent to
an external laboratory (National Measurement Institute or NMI, Port Melbourne, Victoria) for
standard analyses of Vitamin A, micronutrients (i.e., zinc and iron), proximates (i.e.,
moisture, fat, protein, ash and carbohydrate), and other heavy metals. In addition, samples
of raw beef liver were also sent to NMI for analyses mainly of Vitamin A and moisture.
Samples of the dried powders (5 samples per powder) were also sent to Dairy Technical
Services Ltd (DTS, Kensington, Victoria) for microbiological testing to ensure their fithess for
human consumptions. The details of methods for all of these analyses are attached in
Appendices 4 and 5.
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4 Results and Discussion

4.1 Literature review
4.1.1 Food drying techniques

Drying is a process applied mainly for the purpose of extending the shelf-life of the food
products by reducing their water content (or water activity) to a level low enough to inhibit
deteriorative reactions. The removal of water from the food materials during drying can be
achieved in different ways, and this variety of methods has led to many drying techniques.
Many of these food materials have very diverse physical and chemical properties that need
to be dried at different product specifications. The problems of drying are diverse as the
intricacies and needs for various materials to be dried at different production scales. There
are many different methods of drying food materials, each with their own advantages and
disadvantages for particular applications. Over 500 dryer types have been reported in the
technical literature, and about 100 types are commercially available (Mujumdar and Law,
2010). This large number of dryer designs is due to the differences in the physical attributes
of the product, modes of heat input, operating temperatures and pressures, quality
specifications on the dried product, etc. Table 2 summarises a generalised classification of
conventional drying methods applied for drying food materials (Sabarez, 2015).

Table 2. A generalised classification of conventional dryers for food materials.

Classification Types of Dryers (General Characteristics & Applications)
Type of Feed Material | e Particles

e Slurry /Paste /Sludge

¢ Liquid Suspension

Processing Mode e Batch
Continuous

Mode of Heat Transfer Convection
Conduction
Electromagnetic (RF, Ohmic, Infrared, Microwave)

Combination (Hybrid)

Energy Sources Electricity
Gas (Natural/LPG)
Solar /Wind

Biomass

Mode of Operation

Cyclic
¢ Intermittent
e Continuous

Product Temperature e Above Freezing Point
e Below Freezing Point

Operating Pressure e Atmospheric
e Vacuum
e High Pressure
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4.1.2 Drying of meat and meat products

Drying is an important critical step in the manufacture of powdered dried meat and meat
products (e.g., beef liver). In particular, the production of dried meat powders can be
achieved in a number of ways and means. The drying method that can be applied for the
production of dried meat powders depends on various factors, including sample preparation
(feed type), initial moisture, heat sensitivity, properties of the material to be dried, quality
requirements of the product and many others. The most common drying methods that have
been reported in the literature for drying of meat and meat products include freeze drying,
spray drying, drum/roller drying, hot air drying and fluidised bed drying.

The selection of the drying method for a particular food product is an important step as the
drying technique and its operating conditions greatly affect the quality of the dried product as
well as its processing costs. In some cases, the choice of the best drying method (i.e., in
terms of cost-effective process and maximum product quality) would also significantly
depend on pre-drying steps. For example, in the production of powdered dried meat and
meat products, the raw solid feedstock can be blended and diluted (i.e., depending on the
initial moisture content of the material) to a pumpable slurry, atomised and dried in a spray
dryer or dried in drum/roller dryer to produce a powder, or the solid feedstock may be cut
into slices or cubes and dried in conventional hot air dryer or fluid bed dryer and then the
dried product milled to produce a powder. Often, minor changes in the feed characteristics
result in different dryer types being the appropriate choices.

A further challenge in the selection of the best drying method arises from the fact that many
food materials have very diverse physical or chemical properties that need to be dried at
different scales of production and with very different product quality specifications (Mujumdar
and Wu, 2010). Thus, it is especially challenging to establish a universally acceptable rule in
the selection of the best drying method, as exemplified by the extreme diversity of factors
involved. In most cases, the users must take a detailed assessment for a comparative
evaluation of several options for a particular product. Nevertheless, Santivarangkna et al
(2007) presented an example on the fixed and operating costs of different drying methods
relative to freeze drying (Table 3). It should be noted that the information in Table 3 is
specific to a certain product, but could be used as a starting guide for the selection of a cost-
effective drying process for meat and meat products. It is however necessary to undertake a
detailed techno-economic evaluation of various options to obtain the best drying method
(i.e., cost-effective process with maximum product quality).

Table 3. Operational and fixed costs of different drying methods for lactic acid bacteria
dehydration (Santivarangkna et al., 2007).

Drying process Fixed cost (%) Operation cost (%)
Freeze drying 100.0 100.0
Vacuum drying 52.2 51.6
Spray drying 12.0 20.0
Drum drying 9.3 24.1
Fluidised bed drying 8.8 17.9
Convective hot-air drying 5.3 17.9
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Many drying technigues evolved due to the need to produce high quality dried products that
are ultra heat-sensitive. Such drying systems include the utilisation of below freezing
temperature and under vacuum of the operating pressure (e.g., freeze drying). Freeze drying
(also known as lyophilisation) is a drying process in which the food is first frozen then dried
by direct sublimation (i.e., phase changes from solid to vapour) of the ice under reduced
pressure. It is the choice of drying to guarantee a paramount quality of the final powdered
products. However, freeze drying is an expensive process when compared to other drying
techniques as it suffers from high production costs, high energy consumptions, and low
throughputs (Ratti, 2001). Its cost varies depending on the type of raw materials, the
products, the packaging, the capacity of the plant, duration of cycle, etc. (Lorentzen, 1979;
Sunderland, 1982). The production cost is approximately eight and four times higher than
conventional air drying and spray drying, respectively (Rati, 2001). In particular, the
operation costs of an optimised freeze drying cycle could be up to 10 times higher than
those for convective hot-air drying (Ratti, 2001). Thus, the high costs associated with freeze
drying restrict its usage just to high-value products (i.e., coffee, microorganisms,
encapsulated aroma, etc.).

Other drying techniques are based on the type of feed material. For example, for liquid feed,
spray drying is still the most common drying method, although rotary drum/roller dryers are
also popular (Jangam, 2011). Spray drying is a very expensive technique to use for low
value products, mainly because of its low energy efficiency (Jangam, 2011). This method
has several advantages, including rapid drying, large throughput and continuous operation.
However, due to the relatively high temperatures involved in spray drying processes, this
drying technique (spray drying) may cause loses of certain quality and sensory attributes,
especially vitamin C, b-carotene, flavours and aroma (Dziezak, 1988).

The majority of dryers used in the food industry are of the convective type; in other words,
hot air is used to both supply heat for the evaporation of water and carry away the
evaporated moisture from the product. These are by far the most common drying method
despite their relatively low thermal efficiency. Hot air produced by indirect heating or direct
firing is the most common drying medium. In this type of dryer, the drying medium contacts
the material to be dried directly. However, this method of drying requires large amounts of
energy and usually imparts significant alterations in product quality and functionality
attributes due to the exposure to longer drying times or higher temperatures (Sabarez et al,
2012).

The limitations of convective drying processes may be overcome by combining other novel
technologies. In recent years, a number of innovative food processing technologies have
been investigated and developed with the aim of improving or replacing conventional
processing technologies. These novel or emerging technologies take advantage of other
physical phenomena such as sound waves, pressures and electromagnetic fields, which can
be applied for the development of new drying concepts for improving the quality of food
products through gentle processing. In particular, the application of ultrasonic energy to
assist the drying of food materials has been explored for several decades. It has been
known for many years that the energy generated by sound pressure waves could enhance a
wide range of processes due to a series of mechanisms activated by the ultrasonic energy,
such as heat, diffusion, mechanical rupture, chemical effects, and so on (Gallego-Juarez et
al., 2007).
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A number of investigations have shown the potential of power ultrasound to improve the
drying process of various food materials. In particular, a promising approach for the
application of ultrasound to assist in the convective food drying of apple slices was
developed and tested by Sabarez et al. (2012). This study was carried out to investigate the
effect of ultrasound on drying kinetics and product quality attributes using the alternative
approach for the application of ultrasonic energy in the convective drying process. The
results from this work indicate a significant reduction in drying time (up to 57%) with the
simultaneous application of ultrasound on the convective drying of apple slices. This
corresponds to a reduction of energy consumption by up to 54% with the ultrasound-assisted
convective drying process. In a further study (Beck et al., 2014), the application of a specially
designed ultrasonic horn (CSIRO patent) for a completely airborne ultrasound transmission
to assist in the convective drying of a model food system was investigated. The airborne
ultrasound equipment tested in this work was found to enhance the conventional hot air
drying process by significantly reducing the overall drying time (i.e., by more than 60%). This
new drying concept offers a promising alternative for a cost-effective drying of meat and
meat products. However, further research efforts to optimise the technology for application in
various food drying techniques are necessary to provide the basis for developing a new
ultrasonic drying technology for adoption in industrial drying practise.

4.1.3 Commercial production of dried beef liver powder

There is very little information on the details of the manufacturing process in the commercial
production of dried meat and meat powders (let alone beef liver powder) due to obvious
reasons (i.e., commercial competition, intellectual property rights, and so on). However,
there are a number of desiccated beef liver powders intended for human consumption that
are available in the market (i.e., sold as food supplement). Many of the desiccated beef liver
products are also commercially sold as pet food products. These products are dried mainly
by freeze drying or spray drying methods. The details of these products (price and quality)
can be found at the following websites.

http://www.aussiewell.com.au/p/8747545/Nutricology-Liver-Powder-Beef-g-Powder.html

http://www.nutradry.com.au/products/meat-powders/

http://www.drrons.com/organ-and-glandular-supplements/liver-new-zealand.html

http://www.directfood.net/?content=product&id=284

http://www.toxinless.com/desiccated-liver

The most relevant commercial drying operation in Australia that is currently supplying dried
meat powders in the market is a food manufacturer based in Queensland (Nutradry Pty Ltd,
Brisbane). The company has been manufacturing dried meat powders ever since (including
beef liver powder). Only recently, the company has stopped producing dried beef liver
powder as the market doesn’'t want to bear the cost of quality drying (pers. comm.). The
development of a cost-effective drying system together with the identification of new and
further markets for powdered beef liver (e.g., food fortification for Vitamin A, iron and zinc)
would therefore re-invigorate the utilisation and value-adding of co-products from the red
meat industry, which would also add economic value to the industry.
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The company uses a novel drying technique (based on refractance window principle) for the
manufacture of various powdered dried food products. The author has been privileged to
lead a team of researchers at CSIRO to undertake a detailed “commercial-in-confidence”
study of this drying technology to optimise its drying performance at the commercial scale
operation (Sabarez and Chessari, 2006). The refractance window (RW) dryer, developed by
MCD Technologies, Inc. (Tacoma, Washington, USA), is a drying technique that utilises all
the three modes of heat transfer (i.e., convection, conduction and radiation) which occur
between the drying medium (water) and the material to be dried for a more energy-efficient
drying process. The technology is suitable for producing dried products from liquid and semi-
liquid foods (Bolland, 2000). It uses water as a drying medium to transmit heat into the
product to be dried. The product is evenly applied to the surface of a conveyor belt system
(usually an infrared transparent plastic) that floats on the surface of heated circulating water
(Fig. 10). The RW drying technology utilises the refractive principle of the surface of water,
which is harnessed by creating a window for the passage of infrared energy.

Fig. 10. Photos of (a) commercial scale RW dryer facility (RWD5 Model, MCD Technologies,
USA), (b) wet-feed entry end of the dryer, and (c) dried-product exit end of the dryer
(Sabarez and Chessari, 2006).

A number of studies were found in the literature relevant to the RW drying process (Ochoa-
Martinez et al., 2012; Caparino et al., 2012; Nindo et al., 2003a; Abonyi et al., 2001; Bolland,
2000; Nindo et al., 2003b, 2004; Clarke, 2004). According to Abonyi et al. (1999), products
can be dried in a few minutes with this technology, unlike hot air or tunnel dryers that can
take several hours. Nindo et al. (2003a) reported that the drying of pumpkin puree from 80%
to 5% moisture content (wet basis) was achieved in less than 5 minutes in both pilot- and
commercial-scale RW dryers with a circulation water temperature of 95°C, with a 52% to
70% energy efficiency of the RW drying system.
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4.2 Production of powdered desiccated products
4.2.1 Laboratory experiments

Bovine livers are known to contain very high levels of Vitamin A (retinol). This requires a
significant reduction to a safe level for intake (i.e., <6,000 ug per 100 g dried powder)
recommended by WHO and FAO as routine consumption of large amounts over a period of
time can result in toxic symptoms. A number of investigators have studied the stability of
Vitamin A (retinol) in solutions and model systems as affected by the presence of heat,
oxygen, light, moisture, enzymes, and other oxidising agents (Paquette and Kanaan, 1985;
Carvalho et al, 1995; Failloux et al, 2004). However, very little information is available
regarding the stability of Vitamin A, particularly in bovine livers during processing and
storage. Wilkinson et al (1981) studied the kinetics of Vitamin A degradation in beef liver
puree heated at typical canning temperature range (103-127°C) for meat products and
observed the rate of degradation followed first order kinetics.

The main focus of the laboratory experiments was to investigate the pre-drying processes
that are likely to affect the reduction in Vitamin A in beef liver, particularly by hot oil treatment
for leaching Vitamin A into the oil solution. Vitamin A is one of the fat soluble vitamins
reported to have good stability during cooking and processing operations, but losses do
occur when heated in the presence of oxygen (Lang, 1970; Barratt, 1973). The large number
of factors reported in the literature that affected the stability of Vitamin A poses significant
challenges in reducing the Vitamin A to the desired level. Vitamin A also appears to be
stable for oxidation in oil solution, making the hot oil treatment process ideal for storage and
later extraction of Vitamin A from the oil solution.

Cooking is an important pre-drying processing step necessary for pasteurisation (heating
<100°C) of meat and meat products in the production of dried powders as the drying process
is mainly applied to reduce the amount of moisture (and water activity) in the product to a
certain level. This is because the drying process could be carried out at temperatures above
or below (depending on drying techniques) of the pasteurisation temperatures recommended
for meat and meat products. In the laboratory study, the cooking process of the raw beef
liver was carried out at 80°C for 15-25 minutes, depending on the sample preparations (i.e.,
slicing, mincing and dicing). Under these cooking conditions, the product centre
temperatures were found to maintain at 75-80°C for 15 minutes. According to FAO (1992),
meat and meat products are considered cooked when the centre of the product is
maintained at a temperature of 65-70°C for 10 minutes.

A series of screening tests were carried out in the laboratory to assess the effects of pre-
drying steps (i.e., sample preparation, cooking and hot oil treatment) in terms of producing
desiccated liver powder with the desired level of Vitamin A. A promising result from these
screening tests (raw data not shown) was obtained by dicing the raw beef liver into cubes
(~10-15 mm), subsequently cooking at 80°C for 25 minutes and then mincing followed by hot
oil treatment. Based from the results of the screening tests, further experiments were
undertaken to specifically investigate the effect of hot oil treatment conditions. Table 4 shows
the levels of Vitamin A in the dried liver powder as affected by hot oil treatment conditions. It
should be emphasised that the amounts of Vitamin A presented in Table 4 are based on a
100 g of sample with varying amounts of moisture. This artificially concentrates the Vitamin
A and masks the loss caused by the treatment. In order to make a meaningful comparison,
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the % reduction in Vitamin A was calculated based on the dry matter content of the product
to correct the effect of the amount of water in the product.

It can be seen from the table that the highest reduction in Vitamin A (about 83.7%) was
achieved with hot oil treatment at 60°C for 2 hours. Under these conditions, the level of
Vitamin A of the dried powder was about 6,100 pug per 100 g of dried powder (with 2.2%
moisture). This was achieved by utilising a batch of raw beef liver samples with Vitamin A of
12,000 pg per 100 g of raw beef liver (with 68.6% moisture). However, the Vitamin A level of
the dried powder was a little bit over to the desired level of 6,000 pg per 100 g of dried
powder.

Table 4. Effect of sample preparation and hot oil treatment on Vitamin A reduction in freeze
dried beef liver powder (All treated samples were initially cooked in hot water at 80°C for
25 minutes prior to hot oil treatment).

Treatment Moisture Vitamin A

Description (%) (1g/100 g sample) (% reduction)
Raw fresh beef liver 68.6 12,000 -

Hot oil treatment (60°C for 1 hr); diced sample 2.3 8,700 76.7

Hot oil treatment (60°C for 2 hr); diced sample 2.2 6,100 83.7

Hot oil treatment (60°C for 2 hr); minced sample 2.0 18,000 51.9

Hot oil treatment (80°C for 15 min); diced sample 3.4 20,000 45.8

Hot oil treatment (80°C for 30 min); diced sample 2.3 10,000 73.2

Hot oil treatment (80°C for 30 min); minced sample 2.3 11,000 70.5

Note: The % reduction in Vitamin A (as compared from raw beef liver) are calculated based on the dry matter basis to take into
account the amount of water in the product.

Further experiments were then carried out to investigate the effect of a double step hot oil
treatment in reducing the Vitamin A level in beef liver. This was undertaken by sequentially
treating the product twice with hot oil under the same conditions using a new batch of oil for
each step. Table 5 shows that the subsequent second hot oil treatment resulted in a further
9% reduction in Vitamin A. The results also show that the overall reduction in Vitamin A that
can be achieved is up to 89% under these conditions. However, as can be seen from this
table the Vitamin A level of the dried liver powder (which is about 8,100 ug per 100 g of dried
powder) still exceeded to the required level of Vitamin A.

Table 5. Effect of double step hot oil treatment on Vitamin A reduction in freeze dried beef
liver powder (All samples were diced and initially cooked in hot water at 80°C for 25
minutes prior to hot oil treatment).

Treatment Moisture Vitamin A

Description (%) (1g/100 g sample) (% reduction)
Raw fresh beef liver 69.3 23,000 -

Hot oil treatment (60°C for 2 hr) 1.5 15,000 79.7
Double step hot oil treatment (60°C for 2 hr) 1.4 8,100 89.0

Note: The % reduction in Vitamin A (as compared from raw beef liver) are calculated based on the dry matter basis to take into
account the amount of water in the product.

The result is consistent with the fact that these experiments were carried out utilising a
different batch of raw beef liver samples, which contain almost twice the amount of Vitamin A
than in the previous batch. The Vitamin A in this batch of raw beef liver was about 23,000 g
per 100 g of raw beef liver (with 69.3% moisture). In view of these, a further analysis on the
variability of Vitamin A levels in raw fresh beef liver was conducted. The findings from this
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analysis as shown in Table 6 revealed a significant variation in the levels of Vitamin A
between liver samples from individual animal. It appears that the variation in Vitamin A in
raw fresh beef liver was extremely significant (i.e., one individual beef liver contains over 3
times Vitamin A than others). This is quite a challenge from the processing perspective in
achieving the required level of Vitamin A.

Table 6. Vitamin A content of individual raw fresh liver samples (average moisture content of

69.3%).
Liver Weight of individual liver sample Vitamin A of individual liver sample
No (kg) (ug/100 g sample)
1 3.368 15,000
2 5.340 38,000
3 3.275 21,000
4 4.220 14,000
5 4.420 25,000
6 3.927 13,000
7 3.992 33,000
8 3.677 16,000
9 5.209 43,000
10 4.480 28,000

A possible solution is to blend the dried beef liver powder with beef meat powder in order to
achieve the desired level of Vitamin A. Beef meat is known to contain low levels of Vitamin A
and can similarly be processed into dried powder using low value meat cuts (e.g., trimmings,
etc). A preliminary laboratory freeze drying experiment using minced beef meat shows that
the resulting beef meat powder only contains about 83 pg of Vitamin A per 100 g of dried
meat powder (with 1.3% moisture). In addition, it is likely that a further degradation of
Vitamin A in dried beef liver powder can be achieved in the subsequent storage of the dried
powder. However, the extent of such degradation is dependent on many other factors,
including the storage temperature, exposure to light and oxygen (i.e., type of packaging),
and so on. Moreover, it should be noted that this project is focused in transforming the raw
beef liver into desiccated powder by mainly using the standard freeze drying method in order
to achieve the required quantity and product specifications. As the process of drying usually
involves heating and exposure to hot air, it is likely that further reduction in Vitamin A level
can be achieved by drying, depending on the drying methods and conditions. This warrants
a future investigation of the impact of the drying process not only to achieve the desired level
of Vitamin A with better control, but also to obtain a cost-effective and commercially scalable
drying process.

4.2.2 Pilot scale trials

Process development

The project is mainly focused on the development of a process specifically for the production
of dried beef liver powder with Vitamin A to the required level. The manufacture at a larger
scale is necessary to effectively produce the required quantity and to demonstrate the
scalability of the process. Fig. 11 shows the details of the pilot scale manufacturing process
developed for the production of dried beef liver powder utilising the processing methods and
conditions established in the laboratory experiments and through a series of pilot scale trials.
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The manufacturing process involved a series of food processing steps, consisting of major
unit operations such as cooking in hot water, double step hot oil treatment, and freeze
drying. The results from comprehensive searches on patents suggest that there is no
evidence of any registered patents that may be infringed with the manufacturing process
developed in this work, although there are a number of patents surrounding other various
dried beef liver preparations (Wang, 2010; Lu, 2007; Procter, 1978).

RAW FRESH BEEF LIVER ) Manual Slicing/Cutting
( (Refrigerated at <5°C) > (~10-15 mm cubes) l

Thawing ¢ Freezing
(at5°Cfor 24 h) (at-18°C for 1-2 weeks)

llO0.0 kg

Hot Water Treatment
(80°C for 15-25 min; stirring)

32.4kg

Drain/Separate ———) Wastewater

T

Mincing

l67.6kg

Double Step Oil Treatment . 4.9kg y Liquid Oil
(60°C for 2 h; stirring) Drain/Separate (VitARecovery)

Washing / Centrifuge |
(with hotwater at 70°C)) Wastewater

l62.7kg

Freezing
(at-18°C for 24 h)

1

37.5kg Freeze Drying
WATER ¢—— (~4-5days)
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Fig. 11. A schematic diagram of the pilot scale manufacturing process for the production of
dried beef liver powder.

A typical batch of the pilot scale process can produce about 19.3 kg of dried powder (with
1.5% moisture) from a 100 kg feedstock of raw fresh beef liver (with 70.3% moisture). The
details of the production yield recovery at various steps in the manufacturing process are
also presented in Fig. 11. Table 7 presents the production performance and the
corresponding % reduction in Vitamin A level after each major step in the pilot scale
manufacturing process for the production of dried liver powder. The results show about 89%
reduction in Vitamin A of the dried beef liver powder manufactured at the pilot scale (i.e.,
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1000 times larger than the laboratory scale). This is consistent with those found in the
laboratory experiments, demonstrating the scalability of the process.

Table 7. Effect of double step hot oil treatment on Vitamin A reduction in freeze dried beef
liver powder at pilot scale (All samples were diced and initially cooked in hot water at
80°C for 25 minutes prior to hot oil treatment).

Parameters Production Moisture Vitamin A
(major processing steps) Weight (kg) | % Weight loss (%) (% reduction)
Raw fresh beef liver samples (diced) 100.00 - 70.3 -

After cooking and then mincing 67.65 32.35 59.0 7.5
After double step hot oil treatment* 62.75 37.25 54.5 78.0
After freeze drying 25.17 74.83 14 88.3
After grinding and sieving 19.26 80.74 1.5 89.2

Note: * This includes subsequent washing with hot water and centrifuge.

In particular, the results in Table 7 indicate that the cooking step imparted a significant
weight loss of the product (about 32%), which could be mainly due to the removal of water
from the product. This is in accordance with the weight reduction reported in the literature
during cooking of meat and meat products (FAO, 1992). In the production of powdered meat
and meat products, cooking is an important processing step prior to drying to reduce or
eliminate the microbial content in the product, especially if the drying process is carried out
at low temperatures (e.g., freeze drying). The cooking process can vary considerably in
treatment conditions (i.e., temperature and time) depending on the type of product. Thus a
better control of these conditions is important to achieve a compromise between
microbiological safety and product quality requirements. The cooking treatment should be
intensive enough to accomplish adequate microbial reduction whilst keeping it to a level just
high enough to prevent deterioration of product quality. For meat and meat products,
cooking is usually carried out in the temperature range of 60-85°C (FAO, 1992). On the
other hand, the results also show a 7% reduction in Vitamin A attributed by the cooking step.
This could be due to combined effect of heating and exposure to oxygen (constant stirring)
during cooking.

Table 7 also shows a further reduction in weight of the product (about 5%) as affected by the
double step hot oil treatment. The observed modest weight reduction during double step hot
oil treatment could be mainly due to some losses of the solids (i.e., fine particles drained with
the oil solution). It should be noted that the cooked liver samples were minced prior to hot oil
treatment to reduce the particle size of the solids to enhance the leaching of Vitamin A into
the oil solution. The hot oil treated materials were then washed with hot water and centrifuge
to further remove excess fats adhering to the solids. These could have further contributed to
the observed weight reduction of the product. A thorough washing with hot water of the hot
oil treated solids is necessary to obtain a free-flowing powder. Without this step, the
subsequent drying process would be very slow and difficult and the dried product after drying
would be very sticky due to the excess fats (Fig. 12).
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(a) (b)

Fig. 12. Photos of (a) dried liver powder (b) wet dried liver powder

It should also be borne in mind that the double hot oil treatment was designed as the main
step in the manufacturing process for the reduction of Vitamin A in the solids. Vitamin A is a
fat soluble component in foods and was found in the initial laboratory experiments to readily
leach into a vegetable oil solution, depending on treatment conditions. This observation is
also confirmed from the results in the pilot scale trials as demonstrated in Table 7. As can be
seen in the table, the double step hot oil treatment significantly reduced the level of Vitamin
A in the processed solids by 78% from the Vitamin A content in the raw fresh beef liver
samples. The leaching of Vitamin A into the oil solution can be visually observed on the
changes of the colour of the vegetable oil before and after treatment (Fig. 13). Vitamin A can
then be extracted from the oil solution for further use. In addition, the hot oil treatment could
have resulted in losses (or changes) in flavours of the product as many of the flavour
compounds are oil soluble and volatile at higher temperatures. However, a detailed study in
this area is required to characterise the impact of the process on flavour profile.

Drying is the main step in the manufacturing process for the production of powdered meat
and meat products. It is a processing step commonly used to reduce the amount of moisture
(hence water activity) in food products to a level safe for preservation. In the current work,
the drying process was mainly limited of using a standard freeze drying technique to achieve
the desired product specifications. This was undertaken by using the standard conditions
typical in freeze drying of food products (i.e., no detailed study of the drying process was
undertaken in the current phase of the project as it was proposed to be undertaken in the
next phase of the project). Obviously, the drying process has contributed the main reduction
in weight of the product during the manufacturing process as shown in Table 7. It was found
that the product losses weight by 75% from its original weight (or a further reduction in
weight by 38% after the double step hot oil treatment).

The observed weight loss during drying is consistent with the removal of water from the
product, as demonstrated from the significant reduction in the measured amount of moisture
in the product. However, the overall weight loss of the product after freeze drying was found
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to be greater than the initial water content in the raw materials, indicative of some solid
losses during the previous steps (i.e., cooking, hot oil treatment and so on) prior to freeze
drying. In addition, freeze drying was also observed to contribute to a further reduction in
Vitamin A (about 10%). This could be due to the exposure of the product to oxygen as air is
constantly circulated during the drying process, although the drying process was carried out
at very low temperatures. This suggests that the drying process (i.e., depending on drying
techniques and conditions) could play a further significant role in achieving the desired level
of Vitamin A in beef liver powder.

(a) (b)

Fig. 13. Photos of (a) fresh canola oil and (b) used canola oil after hot oil treatment with beef
liver samples.

Product quality assessment

The final dried powders were assessed in terms of their nutritional, functional and
microbiological qualities. These powders (particularly the beef liver powder) were evaluated
with respect to the required levels of Vitamin A (i.e., <6,000 ug per 100 g of dried powder).
The results presented in Table 8 show that the developed pilot scale process can produce
dried beef liver powder with Vitamin A content less than 6,000 pug per 100 g of dried powder.
However, this is highly dependent on the Vitamin A level of feedstock (i.e., raw fresh beef
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liver) used in the manufacturing process. In a particular batch, the average Vitamin A content
of the raw beef liver samples was about 15,000 pg per 100 g of raw liver (with 70.9%
moisture) (Table 9). This means that when the initial Vitamin A levels in raw fresh beef liver
are very high (e.g., >18,000 ug per 100 g of raw liver), the pilot scale process is not sufficient
to produce a dried liver powder with Vitamin A to the required level as observed in another
batch of pilot scale trial (data not shown). In this case, blending with dried meat powder is an
ideal option to achieve the required level of Vitamin A as the dried meat powder is shown to
contain very low amounts of Vitamin A, i.e., 22 ug per 100 g of dried powder (Table 8).

Table 8. Nutritional profiles of the final dried powders.

Dried products

Nutritional specifications Beef liver Beef meat Beef meat & liver Placebo

powder powder blend powder powder
Proximates:
Moisture (%) 1.5 14 2.6 2.6
Fat (%) 21.5 22.4 19.2 <0.2
Protein (%) 62.3 65.9 71.2 0.3
Ash (%) 3.5 1.6 7.1 <0.1
Carbohydrate (%) 11 9 <1.0 97.0
Vitamins:
Vitamin A (ug/100 g sample) 4250 22 175 <5.0
Trace Elements:
Iron (mg/kg) 160 45 61.5 <2
Zinc (mg/kg) 150 180 155 0.265
Antimony (mg/kg) <0.01 <0.01 <0.01 <0.01
Arsenic (mg/kg) 0.02 0.032 0.028 <0.01
Cadmium (mg/kg) 0.087 <0.01 0.018 <0.01
Copper (mg/kg) 61.0 2.6 15.0 0.089
Lead (mg/kg) 0.07 0.013 0.026 0.017
Mercury (mg/kg) <0.01 <0.01 <0.01 <0.01
Selenium (mg/kg) 0.48 0.2 0.28 <0.01
Tin (mg/kg) 0.27 0.024 0.048 <0.01

Note: Blend ratio of liver powder to meat powder is 20:80.

All the final dried powders were also tested with their nutritional profile, including proximate
compositions (i.e., fat, protein, carbohydrate, ash and moisture), micronutrients (i.e., zinc
and iron) and other trace elements normally performed for foods. The results of these
analyses are also presented in Table 8. The results confirmed that both beef liver and beef
meat powders are equally a good source of protein. The iron content of beef liver powder
was much higher (3 times more) compared with the beef meat powder. The beef meat
powder was found to contain a little more of zinc than the beef liver powder. In general, both
micronutrients (iron and zinc) were found to be significantly affected by the manufacturing
process (Table 9). For example, the iron content in dried beef liver powder was found to be
46.5% less than in raw fresh beef liver, while the zinc content of the dried beef liver powder
was 52.7% less than in raw fresh beef liver. This suggests that both micronutrients are
sensitive to the process and detailed understanding of the effect of various processing steps
and conditions in the production of dried powders are also important in achieving the optimal
levels of these important micronutrients.
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Table 9. Nutritional profiles of a beef liver powder processed at a pilot scale.

Products Moisture Vitamin A Iron Zinc
(%) (1g/100 g sample) (mg/kg) (mg/kg)
Raw fresh beef liver 70.95 15,000 83 83
Dried beef liver powder 10.1 4,700 130 115
% Reduction - 89.8 46.5 52.7

Note: The % reduction in Vitamin A, iron and zinc (as compared from raw beef liver) are calculated based on the dry matter
basis to take into account the amount of water in the product.

The placebo powder was also analysed in terms of its nutritional profiles (i.e., Vitamin A,
proximates, and micronutrients), other trace elements and functional properties (i.e., colour,
texture and flavour). It is the intention that the placebo powder should not contain or had only
very little traces of Vitamin A, iron and zinc with similar functional properties to the dried beef
liver powder and/or beef meat powder. The results in Table 8 confirmed that the placebo
powder mainly contains carbohydrate (~97%) with very little amounts of Vitamin A, iron and
zinc. The colour of the placebo powder was observed to be similar to dried beef liver powder
(Fig. 14). It has a more free-flowing characteristic compared to the beef liver and meat
powders due to the fact that it contains less fat. Moreover, the texture of the placebo powder
is somewhat consistent to the beef liver powder and has a meaty flavour similar to the
flavour of the beef meat powder.

(a) (b) (c)

Fig. 14. Photos of final dried powders (a) beef liver, (b) beef meat, and (c) placebo.

The manufacturing process for all dried powders was carried out in accordance with a
HACCP (hazard analysis critical control point) food safety plan. This is in line with CSIRO’s
human health and medical research ethics with the approval from the Food Risk
Assessment Team (FRAT) at CSIRO Food and Nutrition Flagship to ensure their fitness for
human consumption. The process was carried out with good manufacturing practices (GMP)
following the standard hygiene protocols for cleaning and operation of the processing
equipment and accessories (Appendix 6). In addition, the powders were produced under
food grade conditions (e.g., constant monitoring of product temperatures throughout the
preparation and processing chain). The results of the microbiological tests for all dried
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powders show that pathogens of potential concern were not detected and also the results for
Enterobacteriaceae, Salmonella, Standard Plate Count, Bacillus cereus, E.Coli and so on
were satisfactory (Table 10). These confirmed the compliance of the handling and
processing conditions necessarily required for food safety and production of products that
are fit for human consumption.

Table 10. Microbiological quality of the final dried powders.

Dried products

Microbiological tests Beef liver Beef meat Beef meat & liver Placebo

powder powder blend powder powder
Salmonella nd/25¢g nd/25g nd/25g nd/25g
Standard Plate Count <300 cfu/g <1200 cfu/g <300 cfu/g <40 cfu/g
Enterobacteriaceae <10 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g
B. cereus <100 cfu/g <100 cfu/g <100 cfu/g <100 cfu/g
Coagulase Positive Staph <100 cfu/g <100 cfu/g <100 cfu/g <100 cfu/g
E.Coli <3.0 MPN/g <3.0 MPN/g <3.0 MPN/g <3.0 MPN/g
Coliforms <3.0 MPN/g <3.0 MPN/g 3.6 MPN/g <3.0 MPN/g
Staphylococcus aureus <10 cfu/g <10 cfu/g <10 cfu/g <10 cfu/g

Note: Blend ratio of liver powder to meat powder is 20:80. nd = not detected

Export Requirements

The dried powders are intended for nutritional trials in Indonesia. These products were
therefore manufactured to comply with the regulatory requirements for export to this country.
As a requirement for the nutritional study, these powders were finally packed into sachets.
The details of the products and the corresponding sachet labelling and coding are presented
in Table 11. The filling/sealing of the products into sachets was carried out by a contract food
manufacturer based in Ballina, NSW (Australian Vitamin & Sports Nutrition Pty Ltd). The
company’s food manufacturing plant is operated under certified HACCP food safety program
and Halal compliance, with staff fully trained in food safety and good manufacturing practices
(GMP) (Appendix 7). Fig. 15 shows the final products in sachets with the details of the
labelling and product coding.

Table 11. Details of sachet filling/sealing, product coding and labelling.

Products
Parameters Beef liver Beef meat Beef meat & liver Placebo
powder powder blend powder powder
Product code* 1 2 3 4
Sticker label Product 1 Product 2 Product 3 Product 4
Amount of powder in sachet (g) 15 20 20 15
Number of sachets produced 550 450 475 550

Note: * The product code for each product is directly printed in sachets. Blend ratio of liver powder to meat powder is 20:80.
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A test shipment via FedEx of a small quantity of two dried products (i.e., 1 kg of beef liver
powder and 1 kg of beef meat powder) from Australia to Indonesia was carried out to acquire
a “pass bill” and to initially determine the export documentations required for the shipment of
these products. The trial shipment was successful with the details of the required
documentations formed the basis in the preparation of the documents required for the
shipment of the final products (Appendix 8). Subsequently, an initial batch of these products
was also successfully shipped to Indonesia, and the exportation of the remaining products is
currently underway.

For Research Study only

AT2015, Product 1

Dr Gaga Irawan Nugraha
Universitas Padjadjaran, Bandung, Indonesia
Tel: (#62 22) 2037234; +62 81214909981

Fig. 15. Photo of the product in sachet with the labelling.

5 Conclusions and Recommendations

This project was commissioned for the manufacture of various dried powders (i.e., beef liver,
beef meat and placebo) to the required quantity and specifications for nutritional trials in
Indonesia. The main focus of the work was to develop a manufacturing process for the
production of powdered dried beef liver that contains Vitamin A at the recommended level
safe for intake (i.e., <6,000 pg per 100 g dried powder). The powder quality with respect to
the nutritional, functional and microbiological specifications, and fitness for human
consumption and suitability for export to Indonesia was determined.

A pilot scale manufacturing process was successfully developed and tested based from the
processing methods and conditions established in the laboratory study, together with a
series of pilot scale trials. The manufacturing process involved a series of food processing
steps, consisting of major unit operations such as cooking in hot water, double step hot oil
treatment, and freeze drying. The results from both laboratory and pilot trials show that up to
89% reduction in Vitamin A can be achieved through the process of dicing the raw fresh beef
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liver into cubes (~10-15 mm), subsequently cooking at 80°C for 15-25 minutes and mincing
followed by a double step hot oil treatment at 60°C for 2 hours in each step. This produced
dried beef liver powder that contains the required level of Vitamin A. However, there were
instances where the Vitamin A in the dried liver powder still exceeded the required level due
to cases of extremely high levels of Vitamin A in raw fresh beef liver. In these cases,
blending with dried meat powder was an ideal option to achieve the required level of Vitamin
A as the dried meat powder was found to contain very low amounts of Vitamin A.

The findings from this work revealed a significant impact of the major processing steps in
reducing the Vitamin A level. The cooking step was observed to contribute in the overall
reduction of Vitamin A (7% reduction) and imparted a significant weight loss of the product
(about 32%), in addition to its important role as a thermal treatment of the product for
microbiological safety. The double hot oil treatment was found to be the main processing
step to contribute to a major reduction (78%) of Vitamin A level in powdered beef liver and
caused additional weight loss of 5%. The drying process contributed to the main reduction in
weight (i.e., mainly moisture loss) of the product in the manufacturing process and resulted
in a 10% reduction in Vitamin A.

The qualities of the dried powders produced at pilot scale were assessed in terms of their
nutritional, functional and microbiological specifications. Both beef liver and meat powders
were found to be a good source of protein and micronutrients (i.e., iron and zinc). The iron
content of the beef liver powder was about 3 times higher than the beef meat powder.
However, both micronutrients were found to be significantly affected by the manufacturing
process. In addition, the placebo powder was also analysed in terms of its nutritional and
functional properties and was found to contain very little traces of Vitamin A, iron and zinc
(as intended) with similar functional properties to the dried beef liver powder and/or beef
meat powder.

The pilot manufacturing process for the production of all dried powders was carried out in
accordance with a HACCP food safety plan and good manufacturing practices to ensure
their fitness for human consumption. The results of the microbiological tests of these dried
powders confirmed the compliance of the manufacturing process with food safety
requirements. These products were also manufactured to comply with the regulatory
requirements for export to Indonesia. A trial shipment of these products to Indonesia,
designed to acquire a “pass bill” and to determine the required export documentations, was
successful, confirming their suitability for export to this country. Subsequently, a batch of the
final products was also successfully shipped to Indonesia. The exportation of the remaining
products is currently underway.

Overall, this work has generated new knowledge and invaluable insights in the
manufacturing process of dried beef liver powder with the required level of Vitamin A.
However, there are further issues that may be worthwhile investigating to fully strengthen
adoption of the process at industrial operations. It should be noted that this work was limited
to the development and application of a specific drying method (i.e., freeze drying), as the
focus was mainly to produce and deliver a powdered dried beef liver, that is fit for human
consumption and suitable for export. The high costs associated with the freeze drying
method preclude the industrial scale utilisation of this technology.
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It is therefore recommended that further R&D work is undertaken to establish fundamental
understanding and basis to build upon the development of a cost-effective and scalable
manufacturing process at industrial scale operations.

e Develop and optimise a new drying concept (e.g., application of ultrasonics) for a
cost-effective and scalable process as an alternative to freeze drying to produce
dried beef liver powder with reduced Vitamin A levels whilst minimising the impact
of the process on micronutrients (i.e., iron and zinc) degradation with better control
of the functional attributes (e.qg., flowability, solubility) of the dried powder.

e Investigate the effects of pre/post drying processes in terms of process performance
(i.e., cost-effectiveness, scalability and effectiveness in reducing Vitamin A levels)
and their impact on micronutrients degradation, functional and microbial attributes of
the dried product.

e Evaluate the possibility of masking the undesirable flavours of the dried product
using microencapsulation and/or alternative masking technologies through
improved understanding of the flavour profile as affected by processing using
advanced techniques (e.g., GC-MS).

e Assess the potential of capturing Vitamin A in the extraction process as a further co-
product (i.e., natural source of Vitamin A) and utilisation of other offals (e.g., heart,
kidney, etc) for blending with the beef liver power to alternatively achieve the
required level of Vitamin A in a cost-effective manner.

e Study the stability of Vitamin A and micronutrients at different storage conditions in
dried liver powder and in various food product formats fortified with dried liver
powder, and develop strategies to minimise the degradation process during storage.

The findings from the future work would not only assist the red meat processing sector in
enhancing their sustainability and profitability (i.e., through capturing more value from under-
utilised co-products), but would also provide a readily accessible and affordable source of
complimentary nutrient-rich food to address the global nutritional needs of the at-risk children
populations (especially in developing countries). It is also expected that the manufacturing
process could easily be extended to other meats and meat products.
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7 Appendix

Appendix 1. Halal certificates for beef liver and beef meat.
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Appendix 2. Example of the logged centre temperatures of the fresh beef liver during
refrigerated transport.
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Appendix 3. Product specification of the beef flavouring.
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Appendix 4. Proximates, Vitamin A, micronutrients and heavy metals analyses (NMI).
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REPORT OF ANALYSIS
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Australian Government

REPORT OF ANALYSIS
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Bitwrrbon HENEY SABARET Gampled By CLIENT
Frogecs Maome
Your Chew Caracez Marasger Tim Siobaus Prane 13 9544 48=9
Lab Fap M. Sampls Fief Sarmph Cezcripton
V1500 TES LAl Eard [rvwt povedm-fSpr bachiR1)
W 1SCETS0 BLAIT) Baal Irvwr poveder-fips bobch{RZ)
WISHOETE BLF{1} Eward [rvw povedm Fes banch|R 1)
W1S00=Taz BLF{2) Enad [rvwr poveder-Fein babch|RZ)
Lab Faeg M. VISEETES |[WISARFETI [VISHSETo  [WISAnnaTes
Tarrpds Flaferancs LA BL~{Z| BLF{1) ELFZ

Uitz Mathod
Tracs Elsmantz
o makg 120 140 160 10 WL T
Tinc ma'kg 113 6] 150 150 WLI4T
mffi e
Inceganic: - ¥ic
I 1-MAaY.015
Lab Fag M. VISHRTES |'|'I5.'Eﬂ'5'."52l VISHETS!  [WISADDETes
Larmpls Flaferancs LA |BLA:1| BLF{1) ELFZ|

Uiz Flactheod
Prozimates
Moiziurs |l 10i0g | [EK | N 1.8 |18 | EE=E]
Witaminz
Ratimez| [¥Eamin &) Jug1oog |as Ja7oa |4300 | EE] WLIET

o

A

no, Secton Moroger
Fesod Composrtion - Wic

11-MAY-Z015

.'.__..ll""' -
Motlars Sorckal, Anzlyzt

Feed Compozrhon - Vic
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REPORT OF ANALYSIS

Page: 2 of 4
FRaport Mo ANTIEES 15

Chisnt : CEIRD - FODID & MUTRIMIORAL SCIEMCES Job N, CSIRDS4/M150424
E71 SHEYDES R3AD Chsose Mo OT-0E035
WERRIEEE WiC 3030 Diedar Mo
Dot Campded
Dixtw Rscewed - Z4APR-2015

Btterrtion HENEY SABARET Samplsd By CLIBNT
Frosact Hama -
Your Chew Carvice: Mansger : Tim Sdobaus Prane 123 9844 48=58
Lab Fag Ma. Gampls Ref Gampls Ceccnipton
WISHHOSTa3 WILE( 1) Menoe lan best povede(f1]
WISHHETa4 WILEE) MSnce lan best povede(R2]
WISHHETIS L) FlzcasadR1 ]
WISHHETIE L3 FlzcaadRT)
Lab Fap Ma. VISHIETI3 |VISAOFETEd |VISISETSS |VISDIaTes
Sarrpls Rafsrance WILBI1] MLEBZ) L) PLIZ)

Ubaiz Wlarthecd
Tracw Elsmantz
o matg =5 4= 2 2 W4T
Zinc makyg 180 =5 2.30 oZ3 WLI4T
Inzrganis - ¥ic
118142015
Lab Fap M. VISEHETII |VISAoETEd |VISIDETSS |VIS0IETes
Sarmpls Rafsrancse WILBI1] MLEB{Z) L] FLIZ)

Uitz Warthed
Prozimatez
Moozmurw I;"E'l:ln I 1.3 | s |E.E Ii 7 WLISE
Wrtaminz
Astire] ['Ezmin Al Iug.'ll:lCln |:3 |:'| | 5 I . 5§ WLIET

Y o

Frapad rno, Secton Moroger

Fesed Cormpoziion - Wic

11-MAY-2015

Mot Sarobal, Anshyct

Fend Compaozmion - Vic
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REPORT OF ANALYSIS

Fage: 3 of &

Faport Blo. RN1IEES 1S

Chant : CEIRD - FO=DD & NUTRIMIOMAL SCIBNCES Job He. CEIRD5/ 150424
E71 SHEYDES ROAD Chscitn: Mo OT-02035
WERARIBEE WiC 3030 Dedar Mo
Diate Sameded
Diotw Fascsrvwd 28-AFR-2015
Bttention HENFY SABAREZ Samplsd By CLIENT
Pesacs Mama
Your Cheng Sarnce: Mamoger : Tim Sdohbous Praone |03} 36544 45845
Lab Fag Mo Sampls Faf Sampls Deccnpton
VISDOETay BLF-Mi=i 1] Enad lrvwr powveder- mix Feb bazchiR1]
VISIDOETaE BLF-MiZ) Enad [rvwr poveder- mix Feb bazchiRZ]
VISIDCETas Al Rave Emad e [R1])
WISIDCEE0D A= Rave Enad ewe [RZ)
Lab Fasg Mo VISHETET |VISDRETEE |VISISTIE  |VIS00S9E00
Sarnpls Refsrencse BLF WE=i 1] BLF-NE=|Z) A1 R2
Uiz Mathcd
Trocs Elwmantz
o makyg 150 150 B3 =& ] WLI4T
Tinc mgkg 163 =] B3 =] WLE4T
Imerganies - ¥ie
1 1-MAY.Z015
Lab Fasg Mo VISHDIETIT |VISOFETEE |VISDSTIa  |WIS00SE0n
Sarnpls Refsrence BLFMEsi 1] BLFNEx|Z) A1 R2
Uiz FMarthcd
Proximatez
boz=turs In."E'l:ln | 1.4 | 3 |7'.i I_':IT WLISE
¥itaminz
Astirc] ['Ezerin Al Iug.'ll:lﬂn |13:C |4'5-l:l:l | 12000 I'IE‘-':I:I'E WLEET

/.

F:ji_ Cecton Moroger

Fzzd Compezibon - e

118852015

.'.‘-.f*-'- _'_.___.,-F'"

Meaiart Soroisal, Anshyzt

Fzed Compazrhion - Vic
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National
Measurement
Institute

REPORT OF ANALYSIS

Page: 1 of 1

Report No. RN1078782

Client : CSIR0O - FOOD & NUTRITIONAL SCIENCES Job No. : CSIRO54/150804
671 SNEYDES ROAD Quote No. : OT-0203%
WERRIBEE VIC 3030 Order No.
Date Sampled -
Date Received - 4-AUG-2015

Attention : HEMRY SABAREZ Sampled By : CLIENT
Project Name :
Your Client Services Manager : Tim Stobaus Phonea : (03) 9644 4849
Lab Reg Mo. Sample Ref Sample Description
V15/022129 Product 1 Besf liver powdsr{x2 Sachets)
W15/022130 Product 2 Beaf meat powder{x2 Sachets)
V15/022131 Product 3 Besf liver /beef meat blend powder({x2 Sachets)
V15/022132 Product 4 Placebo powder(x2 Sachsts)
Lab Reg MNo. V15/022129 (V15/022130 (V15/022131 (V15/022132
Sample Reference Product 1 Product 2 Product 3 Product 4

Units Mathod
Trace Elements
Antimony mig'ka <001 < 0.01 =001 < 0.01 VL247
Arsenic mglka 0.020 0.032 0.028 < 0.01 VLZ47
Cadmium mglka 0.087 < 0.01 0.018 < 0.01 VLZ47
Copper mglka 61 2.6 15 0.089 VLZ47
Lead mglka 0.070 0.013 0.028 0.017 VLZ47
Marcury mig'kg <1001 < 0.01 = 0.01 < 0.01 VL247
Selanium m'kg 0.48 0.20 0.28 < 0.01 V247
Tin mglkg 0.27 0.024 0.048 < 0.01 V247
Zinc mglkg 130 180 170 1.0 VL2477

bl ffo

Paul
Inorganics - Vic

14-AUG-2015

doma, Section Managser
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Appendix 5. Microbiological tests of the dried powders (DTS Pty Ltd).

(a) Beef liver powder

Dairp Tachnical Servioes Lid Peostal Sddess Charmignry Laboratory Hicrodsology and
y AR 0004 319 1T ) P B € S2-5H Pk Sipmet FACTA Allerges
| ! Corporsts Dfics Ferringron WG 503 Mot Methounre Laborgiory Ceeratng
WEI-7| Bosrcary Roud [ WIC HIE Ui |-3/ M8 Tarrgama
= e - Mol &
FOOD LABORATORIES Morth MeoumeMc: Luborutary Victorm Turryaon QLD 4103
. S1ED PRATLERS B8 GUALIT O i :'f.i:clrmw?:ég:%d _-.,hg:qga:r,?ﬁ:-
L e Tek +61 [3) 0I7] 7500 i Fre L1 [ 7) 33971 BRE
FEICE ALLHACT COTSTRCH, TRAFINC RHACTER Faa: +Hi ___,ﬁ]'.":":,:\a
LABORATORY REPORT Dot 27045015
o CurBol:  DTE15030801
MEAT AND BOME MEAL Roport foc 1512957
Hnail
FOR: CSIR0 CFNS WERRIBEE
LT Snovpdes Fd
Warinen VIG apan Sieh Hg
Date recohved: 23042005 Ordasr Wuwmbsgr:
Origin: Mo of samiples: §
Codo/Red: CSIR0 BEEF LIVER POWDER 0 Packago Typa:
M5
Temparabure on recaipt: Ambiant
TEST RESULTS METHOD N
2AAPRIGTIZIIER
Cllant 1D 13. BEEF LI¥ER POWDER /0415
Salmorinla Mot Datacind 253 SMHD 02 e5.05
2AAPRASTIZI19D
Cllant 1D 14. BEEF LI¥ER POWDER /0415
Salmorinla Mot Datacind 253 SMHD 02 e5.05
2AAPRAGTIZIISZ
Client 1D: 15. BEEF LIVER POWDER /D415
Salmorinla Mot Datacind 253 SMHD 02 e5.05
2AAPRASTIZIIS3
Cllant 1D: 1&. BEEF LIVER POWDER /0415
Salmorinla Mot Detacind 257 SMHD 02 505
2AAPRIGTIZIIE95
Cllant 1D: 17. BEEF LIVER POWDER /D415
Salmorinla Mot Detacind 257 SMHD 02 505
2AAPRASTIZII9E
Cllant 1D: 18. BEEF LIVER POWDER /0415
Siandard Plass Count 240 chug PCFD 04 10,05
[ S et e g <10 cluig ENFLD 12 12,08
2. carmus <100 chulg BCFD O T804
Coagulase Posivn Staph <100 ciulg STFD 03 08,06
T A :ﬁ?—
Hathksan Cloary
Techrioal Spasciakst
Page 1of1
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Dy Technical Servces Led Postal Addrocs Chamistry Labaratory Microhiology and
—I— ; 2 ABHI0OM 319 1T PO Boxc 81 SE-5E Mk Shreet FACTA Alergen
D S i L Corparate Office Flerrirghon Y= 303 Merth Melbourre Laborztory {hueenstand
UEIT | Bourelary R Microbi I 3G Uit L2l HT&F&W‘
- - + " =3 el Sunus
FOOD LABORATORIES e el Laboratory Victaria Termyzon GLD 4105
T TRUFIED PARTMELS 14 S UALITS o derinodlabe.com s 5-'352 Macr iy Bﬁld Teb 461 (7] 3425 5750
NCTIPCATRG B, Tet +E1 (3) BITI 7e00 Kargingran V. 303 Foc+6l (7) 3392 8495
FOCRC AL AT ST RIE TR S T FI“ -E i E) ;312 ?‘\:‘ 't
LABORATORY REPORT Date 22052015
on Our Fef: DTS15036653
MEAT AMD BOMNE MEAL Report Mo: 1532802
Final
FOR: CSIRO CFNS WERRIBEE
&71 Sneydes Rd
Werrbes VIC 3030 Sieh Ng
Date recelved: 14052015 Order Numbser:
Orlgin: Mo of samples:
Code/Ref: CSIRO LVER POWDER 01.05.15 Package Type:
Temperabure on recelpt: Armbeent
TEST RESLULTS METHOD N
1AMAY 157302401
Client ID: 1. LIVER POWDER 01.04.15
Standard Plate Court 150 cfwig PCFD 04 10,05
Enternhacteracsas <10 cfulg ENFD 12 12.08
feasts <100 cfulg YMFD 01 05.05
Moulds <100 cfulg YMFD 01 05.05
B. cersus <100 cfuly BCFD 04 08.08
Coagulase Posithve Staph <100 cfuly STFD 03 09.06
14MAY 157302413
Client ID: 2 LWER POWDER 01.04.15
Standard Plate Count 120 cfuig PCFD 04 10,05
Enternhacteracsas <10 cfulg ENFD 12 12.08
Yeasts =100 cfulg YMFD 01 05.05
Moulds <100 cfulg YMFD 01 05.05
B. cereus <10 cfulg BCFD 04 08.08
Coagulase Posithve Staph <100 cfuly STFD 03 09.06
1AMAY 157302416
Client ID: 3 LVER POWDER 01.04.15
Standard Plate Court 110 cfwig PCFD 04 10,05
Enterobacteriaceas =10 cfulg ENFD 12 12.08
feasts <100 cfulg YMFD 01 05.05
Moulds <100 cfulg YMFD 01 05.05
B. cersus <100 cfuly BCFD 04 08.08
Coagulase Posithve Staph =100 cfu'g STFD 03 09.06

Page 1af2
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Drary Technical Sarvices Lod Postal Addrocs Chemistry Labarazory Microhiology amd
; 3 ABN 3000318 1T PO e 81 52-RE Mark: Shrest FACTA Alergen
D S i Y Corparate Office Flemrirgton 12 3031 Marth Mebournez Laboratory (Quesnsiind
I 18371 Bowredary Rnad Micrcbiokgy VIC 3051 Unit 138 Tarmyeon
FOOD LABORATORIES e e Labaratney Victoria Ternyan GLE 410
L A KU TE b it e T E LT ) 2 =352 Maclay Foad Tet+&1 (7) 3425 5750
weansedtroodabscoman Carcingron Vi 3031 gL S T
STTHFCHATIG FACEA, Tet =& (3) BIT| 7E00 Foc+51 (7] 3392 8495
SRR T R TRESRITH EPAS TR F.l|x 6l F-':l ;31_] x ?
LABORATORY REPORT A
on Our Ref: DTS15036653
MEAT AND BOME MEAL Report Moo 1532802
Final
FOR: CSIRO CFNS WERRIBEE
&71 Snaydes Rd
Werribes VIC 3030 Sieh Ng
Date received: 140572015 Order Murmbser:
Orlgin: Ho of samples: 5
Code/Ref: CSIRO LWER POWDER 01.05.15 Package Type:
Temperature on recelpt: Ambeent
TEST RESULTS METHOD N
14MAY1STIS24T
Glient 1D: 4. LIVER POWDER 01.04.15
Standard Plate Count 140 cfuig PCFD 04 10,05
Enterobacteriaceas =10 cfulg ENFD 12 12.08
Yeasts <100 cfuig YMFD 01 05.05
Moulds <100 cfulg YMFD 01 05.05
B. cersus <100 cfulg BCFD 04 08.08
Coagulase Positive Staph =100 chulg STFD 03 0908
14MAY15/TI02418
Client 1D 5. LIVER POWDER 01.04.15
Standard Plate Count 60O chuig PCFD 0 10,05
Enternbacteriaceas =10 cfuig ENFD 12 12.08
Yeasts <100 cfulg YMFD 01 05.05
Moulds =100 chulg YMFD 01 05.05
B. cersus <100 cfuig BCFD 0 08.08
Coagulase Positive Staph <100 cfuig STFD O3 09006
Marygrace MNavamo
Microbiologist
Page 2 of 2
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A.MPT.00600 — Powdered desiccated liver preparation

Mizrakicingy and
FACTA Allerpan
Laboratary QLD
37148 Tesraryzoin
rpson CILD 4108

25 TTaC

Date:  10/082015
Owr Ref  DTS15058977
MEAT PRODUCTS ReportMo: 1593030
Final
FOR: CSIRO CFNS WERRIBEE
&71 Sneydes Rd
Werribea VIC Sieh Ng
Date recelved: S08/2015 Order Mumber:
Origin: No of samples: 3
Code/Ref: SAMPLE 1-3 BEEF POWDERS Package Type:
Temperature on recelpt: Amblent
TEST RESULTS METHOD N

0SAUG1STe42861

Client 1Dz 1. BEEF LIVER POWDER 2000415
Standard Plate Count 300 cfulg PCFD 04 10005
Codiforms = 3.0 MPMig CEFD 02.05 05
E_Coli = 3.0 MPMig CEFD 02.05 05
B. cersus =100 cfu'g BCFD 04 08,08
Staphylocoocus sursus =10 cfulg STFD 08 0T.13
Salrnoneia Mot Detected 25g SMFD 02 05.05
05AUG1STe42862

Client 1Dz 2. BEEF MEAT POWDER 14/0515
Standard Plate Count 1200 cfulg PCFD 04 10005
Codiforms = 3.0 MPMig CEFD 02.05 05
E_Coli = 3.0 MPMig CEFD 02.05 05
B. persus <100 cfu'g BCFD 04 08,08
Staphylococous sureus =10 cfu'g STFD OB OT.13
Salrnoneia Mot Detected 25g SMFD 02 05.05
0SAUG1ST642863

Client 1D: 3. BEEF LIVER & MEAT MIXTURE POWDER 15/0515
Standard Plate Count 300 cfulg PCFD 04 10005
Codiforms 3.6 MPNg CEFD 02.05 05
E_Caoli = 3.0 MPMig CEFD 02.05 05
B. persus <100 cfu'g BCFD 04 08,08
Staphylococcus aunsus =10 cfulg STFD 08 0713
Salrnonaia Mot Detected [25g SMFD 02 05,05
S A e @f"?

Kathleen Cleary

Technical Specialist

Page 1of 1
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(b) Beef meat powder

A.MPT.00600 — Powdered desiccated liver preparation

[y Tqi:'«r\-cal oo Lid Pretal St Chasvigry Laboratory Hicrobindingy ané
: P X004 319 0TI ) P B 525 Mok Sirmet FACTA Allerges
; ) Corporats Offics Flegringion VI 301 Hor-h Metboure Labaratmny Cneeretng
363-7 | Boundary Roud [ WiC IS Lt | =34 ‘ﬁ:—'-.:r-lrr:'
= = r Tobiology Miermoral Aenue
FOOD LABCORATORIES B Tekn e Labrorstory Viciorm Trrryion QLD 103
3 ;. X UALITE 37152 Mag uay Foad n,
- L sapsrsertirimed ke mmrrow e VS X0 Tk +51 IE: H 'ETEE'
iR Teb +41 [¥) 0I7| 7500 = y Fae 441 |7) 3391
b= ML el = RLLE g e ] ;-_I:—ﬁ -_.Iﬁ:l'_‘-_"--::. 3
LABORATORY REFPORT Dot 27042015
o Dur Rt 0151 5030453
MEAT AND BOME MEAL Roport baoc 151298655
FHnal
FOR: CSIRO CFNS WERRIBEE
671 Snoyoes Fd
Worises VG apan Sieh Ng
Date recohvod: Z304R0N5 Drdzar INumibegr:
Ongin: Mo of samples:
Codo/Ref: CSIR0 BEEF MINMCE PUOWDER 01 Fackage Typa:
M5
Tempeorabure on recelpt: Ambiont
TEST RESULTS METHOD N
2AAPRASTIZN0EA
Cliemt 1D: 7. BEEF MINCE POWDER 01./D415
Ealmaoniola Mot Datecind 253 SMHD 02 505
23APRARTIHIE
Client 1D 8. BEEF MINCE POWDER /D415
Zalmoniola Hot Dotecind 257 SMAD 02 505
2AAPR1STIZI054
Client 10: 9. BEEF MINCE POWDER 01./D4i15
Salmonola Mot Detecind 259 SMAD 02 505
2AAPRASTIZA0ES
Cliemt 10: 10. EEEF MINCE POWDER 01/041%
Salmoniola Mot Datecind 253 SMAD 02 505
2AAPRARTIH0ET
Cligmd 10 11. BEEF MINCE POWDER 01/041%
Ealmoniola Not Datacing 257 SMHD 02 505
23APRARTIHDEE
Client 1D 1Z. BEEF MINCE POWDER 01/D0415%
==andard Plasa Count 20 chuig PCFD 04 10,05
Ertonbacheriaoaes <10 cfug ENFD 12 12,08
2. cormnus =100 chulg BLCFD 04 3504
Coagulasa Posfiva Staph =100 chulg STFD 03 08,06
T e ..-"_".-z'.'i..:.-:.?—
Hathkean Cloary
Tachnioal Spaciakst
Page= 1 of1
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(c) Placebo powder

Dy Tachrscal Sereices Lid Piotal Ao Chaavigry Laboratory Hirohiology
7 ABed 3004 319171 ) PO B £ 52-54 Mk Simet FALTA Allerges
' ) Corparais Dfice Flemingson Vi 303 Feor-h Melboure Lahorginry Claeerating
337 | Bounclry Roud e rbickogy Lt K LA PR s
= - r Marmoral e
FOOD LABORATORIES kol e S Labrorstony Viclern _ Tarson QLDA10A
D4 TWETED PRATRGRS [ QUALIT womspchrimnd iabe zarm el fhe Teb 45l q HIE 750
ol (i Ty o PR Tet +&1 3 AT7] 7600 = - e 41 | 7} 33597 BA95
== AL LHRC AT sl = BLLE g S e b ;-_I:—ﬁ ] ﬁ:l'_‘-:-:‘.’:. 3
LABORATORY REPORT Date 26040015
on Qur Rt D51 5030485
MALTODEXTRIN Roport W 1512533
Hnal
FOR: CSIRD CFNS WERRIBEE
5T Snovyces Rd
‘Warboa VIC anan Sieh Ng
Date recohved: ZA0V4R05 Ordiar Nusmbsgr:
Ornigin: Mo of samplas: §
Codoe/Ref: CSIRO MALTODEXTHMN POWOER Fackagoe Typa:
Hoan s
Temparaturs on recaipt: Ambdant
TEST RESULTS METHOD H
23APR1 BTAHDEE
Cllart 10 1. MALTODEXTRIN POWDER 010445
Salmaornola Mot Dolecind 250 SMHD 02 405
23APR1 ST3aZH053
Cllant 10: 2 MALTODEXTRIN POWDER 01/0415
Zalmoniolia Mot Dalecind 253 SMHD 02 505
23APR1STIZI0
Cliart 10: 3. MALTODEXTRIN POWDER 01/04M%
Salmonola Nod Dalacind 250 SMHD 02 D505
23APR1STIZN05E5
Cliart 10: 4. MALTODEXTRIN POWDER 01/04M%
Salmaorola Mot Dolecied 259 SMHD 02 505
23APR1 STAHOEE
Cllart 10 S MALTODEXTRIN POWDER 01/0445
Zalmoniolia Mo Dotecind 253 SMAD 02 D505
23APR1 STIZN0ES
Cliart 10: E. MALTODEXTRIN POWDER 01/04M %
=iandard Plass Count a0 chuig PCFD 04 10005
e o e Do =10 ohudg ENFD 12 12,08
2. cermus =100 cfug BLCFLD O 08,04
Coagulase Fosin Staph <100 ciulg 5TED 03 08,06
e = ——
Abmham
Microbiologist
Pag= 1 of 1
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DTS (&

FOOD LABCORATORIES

FRLTH,

LABORATORY REPORT

Fratal Addreas Microbiclogy, FACTA ad Hicrobialogy and

0 Bl 3 MAE Laboratoriea VIC FACTA Allergan
Flamingtony 311 57351 Macaubey Fced Laboratary QLD
Micrabiokgy Rerenpon il U= *ld 4% lenmson

Labrancry MEYY Chambnry Labarsnory
" ar o Mk Sreai

Date: 0(0B2015

on Our Ref.  DTS15058981
MALTODEXTRIN Feport Mo 1501922
Final
FOR:  CSIRO CFNS WERRIBEE
671 Sneydes Rd
Werrlbea VIC 3030 Sleh Mg
Date recelved: 5082015 Order Nurmnber:
Origin: Mo of samples: 3
Code/Ref: SAMPLE 4 MALTODEXTRIM Package Type:
POWDER 2W03N5
Temperature on recelpt: Amblent
TEST RESULTS METHOD N

DSAUG15TE42897

Client ID: SAMPLE 4 MALTODEXTRIN POWDER 29/0315
Standand Plate Cownt 20 cfulg PCFD 04 10,05
Caoliformms = 3.0 MPHig CEFD 02.05 05
E_Coli = 3.0 MPNIg CEFD 02.05 05
B. cersus <100 cfuig BCFD 04 08.08
Staphylocoocus sureus =10 cfulg STFD OB OT 13
Salrmoneliz Mot Detected (253 SMFD 02 05.05

Abraharn Gut

Microbiologist

Page 1of 1
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Appendix 6. Sample documents of the (a) CSIRO’s FRAT approval, and (b) an example of

record sheet for biotrace surface swabbing to monitor hygiene cleaning of the

equipment and accessories.

CSIRO FNF Risk Assessment Process for Foods for Human Consumption

Risk A 1t for foods for human consumption | R d APPLICATION NOTE
Project number, name and Project Leader: PL Initial & -~
PNO/Name: R-05157-13 / liver p dix 3
PL: Henry Sabarez (YININA) Appendix
Step 1 PL to notify Food Risk Assessment Team (FRAT) that project involves human v
consumption._Include project liming (see page 2)
a. Page 4 - PL to draw flow diagram of proposed process noting location, Operatar
Step 2 timeframes and intended process lemperatures for stages/steps. v
b. Page § - PL to fill in product characterisation form Site :..

P forward to F for i i fre T ¢ "
FRATiotevow an uoo U ik Besssimentdedion s - S o Toble & insert Botrace reading nto appropriate column
choose the table which best reflects the product you are producing and work

Step 3: | through the Decision Tree recording the final path number on the product ¥ L S p e e e G e o
2 chaglarlsaﬂon form. lfa pmdudn?nﬂs mfsid:e any of the oplions':afmg decision SWAB LOCATION | PASS CAUTION | R
tree the Jevel of risk assessment will be determined by the FRAT. No. (cepy) |
If a low level risk is Indicated, flow diagram and product sty .
characterisation form submitted to the FRAT for checking and sign off. CONTROL.
If a medium level risk is indicated, flow diagram and product characterisation High level Ayam
fofm submitted to the FRAT for review before sign off and follow any actions risk (Indicated Vol |
Step 4: | requ or recommendations they make. pathd.3.1 [Hopg, e
If a high level risk is indicated, a hazard analysis by the FRAT Is required before | Using decision 4 Tadiet 1\
sign off. Provide and submit documentation requested by the FRAT team, tree v 12) M"'
Working with the FRAT team, determine suitable actions lo manage the risk to the Pt 32
consumer.
Slep 5| FRAT to return signed approval o proceed wih required actions © PL 23 Feb 2015 Rl
Step3 | PL 1o ensure that all local procedures are adhered to. Siewe batel |
A CFENS local procedure checklist is available here. Check those that apply. b pek
Step6 | P 10 action approval requirements, review r6cords (approx. weekly), veriy that sieu Madiat >
are complete and that appropriate corrective actions are taken. e padid 3
Step7 PL to file all records and documents from the Risk Assessment with any hard copy kwile |
or electronic project files. k 2
PL to send scanned copy of PL signed FRAT document to FRAT on pfo]ocl
Stepd completion or at close of the approved human consumption phase. 1; :m . ||x)°""
HIGH LEVEL RISK is as below and in further detail 16 o Cold)
on the following pages 17 o pnbe
Requires FRAT Hazard Analysis and appropriate actions. 18 |hep' pd o
1. Timeftemperature control during product preparation to be logged on control sheets for each product. 19 I tele
2. CORE temperature of liver must reach >75°C. 20 , [hladt - pinger
3. Any change to product formulation, processing, shelf life etc will require a new risk :; ‘:i *:J'i )
assessment e/ D
4. All recommendation made MUST be adhered to and documented, prior to final ;: '"fz" ‘i;q
authorisation g 'M:u;
ACTIONS REQUIRED BY PROJECT TEAM ARE DETAILED OVER F‘,;:iht

* This acknowiedges that a food safety risk
provided by the project leader and the FRAT recommendations and actions required by the project leader are
satisfactory to manage the risk to the consumer to a reasonably practicable level. The FRAT are not
authorised to provide certificates of clearance for products.

RA-C03_2015 FRAT approval liver powder 20150223.docx
Template updated by C. Moir 010714 CSIRO Food and Nutrition Flagship INTERNAL USE ONLY
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Appendix 7. HACCP certification of the Australian Vitamin & Sports (AVS) Nutrition Pty Ltd.
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Appendix 8. Export documentations of the final products.

(a) Letters of declaration for the shipments

FOOD AND NUTRITION FLAGSHIP

671 Sneyes Road, Wermibes WIC 3030
Privete B 16, Werrines VIC 3034, Australia
T +6135731 3200 - ABN 41 657 119 230

01 September 2015

To whom it may concern:
Re: Declaration of contents in this packoge

CSIRO Food and Mutrition Flagship was commissioned by Meat & Livestock Australia (MLA) for the
preduction of freeze dried beef liver powder for research purposes in Indonesia through our research
partnership with the Universitas Padjadjarab in West Java, Indonesia.

This letter is to certify that the contents in this package are food samples intended for research purposes
only and have no commercial value (not for sale). The details of the samples are listed below with the
preduct specification is attached.

Sample:

1. 825 kg (550 sachets @ 15g/=achet) in 2 boxes of Bovine Additive 1 — Freeze dried beef liver powder

| hereby declare the above to be true to the best of my knowledge.

Yours faithfully

Dr Herr.r- Sabarez

Research Team Leader / Principal Research Scientist
E: henry sabarez{@csiro.au

T:-+6135731 3211

M: +61 405 404 140

Page 53 of 61



A.MPT.00600 — Powdered desiccated liver preparation

FOOD AND NUTRITION FLAGSHIP

671 Sneydes Road, Wemibes ¥IC 3030
Privete B 16, Werrines VIC 3034, Australia
T +61 35731 3200 =~ ABN 41 £57 119 230

05 October 2015

To whom it may concerm:
Re: Decloration of contents in this packoge

CSIRO Food and Mutrition Flagship was commissioned by Meat & Livestock Australia (MLA) for the
production of freeze dried beef liver powder for research purposes in Indenesia through our research
partnership with the Universitas Padjadjarab in West Java, Indonesia.

This letter is to certify that the contents in this package are food samples intended for research purposes
only and have no commercial value [not for sale). The samples are listed below with the details of product
specification for each sample are attached.

Samples:

1. 9.00kg (450 sachets @ 20g/=achet) in 2 boxes of Bovine Additive 2 — Freeze dried beef liver powder

2. 9.50kg (475 sachets @ 20g/sachet) in 2 boxes of Bovine Additive 3 - Freeze dried beef meat & liver
blend powder

3. 8.25 kg (550 sachets @ 15g/sachet] in 2 boxes of Placebo — Freeze dried maltodextrin (with added
beef-based flavouring & colouring) powder

| hereby dedlare the above to be true to the best of my knowledge.

Yours faithfully

'_t"‘;'-‘:':_:g“-‘»f"ﬂ

Dr Henry Sabarez

Research Team Leader / Principal Research Scientist
E: henry sabarez & ceirg gu

T:+61 3 5731 3211

M: +61 405 404 140
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(b) Commercial invoices for the shipments

G

CSIRO

AIRWATTILL MO DATE OF EXPORTATION
ASHN Mumber 41681 19230
VOICE MO REF MO
EXPORTERSHFPER SO IGAEE Dir AJy Ciana
Comparry Harm CERD Focd ard hstiSon Magesg Compmy hane Unyvarstas Fmdespran
Azdreem CSRT Mocd erd hutfSon Magesp 2
=71 Srepdes roed Cwputrett of Medical hutfion Taculy of Vscicine
‘Warress VIC XX Jn Diprms Mo 32
fiptam Sarsiung 0021, Vet e ncionssin
Pl BT O M P B 1 2O Tai- o83 B1S734 DOSM
COUMTRY OF EXPORT MAKUTAZ TURERS RAME | nod Shispar
fiptam 2
COUNTRY OF UL TIMATE DES TINATION Shcper
rrdcnane
TrEE FULL DEECENFTION OF CROuhes =12 FERT® TOOTRY [ AREDT T TOTAL
OF NFTR cooE WALLE WALLE
1] Bervina Ascitive | - Mreass drisd beal lver cowder S50 mchebs § 153mechel) in 2 2o 2 g Sipd-u W % ALL
PLEASE TICH ONE: FCa QET:
cPT FRENGHT -
cP IRELFAKCE:
CLURRENCY:
PLEASE STATE IF G000E ARE DUTY DRAWBALE L] CRND TOTAL 300 AUD
PLEASE STATE IF G000E ARE HAZARDOUS L]
REASOH FOR EXPORT. Food sumplement sampies for ressanch purpeses (12 nuiritional studes)
FERKIT NO: ERCRYFTION DOOC:

M spplcuitie} {Hu pplicabin}
e Bowsiar ity et wio . MIUST BE SHIKED BELOW
| Seciare all Te above iforrraticn 1o be ue and comed o e bt of my kowviedge and Bl The geods e of B o) in speciled sl

Al " Aa o Mepraseniialve of Be Sormpeny
wiich will el cofmprarmes B seouity slaiading

FOF & Okl BEHALF OF:
COMPART- CEanD Food anc Mokition Magsep_____
MAME jin print) Varry Saberer

Baliww, | confin Tl wian o T owred of originelor of caigo we prese Iof caimiega, and confim Dl B oergo B Shapered and hafedied i e

POSITION: Passarch Taam Lasds! | Priecigal Reassrck Somrimd _ _ . _
,—ﬁ*-?,_"—wﬂ"

SIGHATURE: e . - - — —

DATE: [yl
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W
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(c) Product specification of the beef liver powder

FOOD AND NUTRITION FLAGSHIP

671 Sneydes Road, Wemibes ¥IC 3030
Privete Bag 15, Werriee VIC 3030, Australia
T +61 35731 3200 - ABN 41 557 119 230

Product: Bovine Additive 1

Date of Manufacture: 25 February 2015

Description: Beef liver powder is a freeze dried powder processed from Halal certified edible bovine
livers. This product appears as a brownish powder.

Process: Frozen raw beef livers are sliced, cooked (80°C for 20 min), minced, heated and agitated in
vegetable oil, rinsed with hot water, and frozen. The frozen beef liver is freeze dried, milled,
sieved, and blended to meet the spedfications.

Specifications:

Erodmates
Moisture 1.5%
Fat 21.5%
Protein 62.3%
ash 3.5%
carbohydrate 11%
Vitamin:
Vitamin & 4250 pg/100g
Trace Elements:
Iron 160 mg/kg Zinc 150 mgfkg
Antimony <0001 me/kg Arsenic 0,02 me/kg
Cadmium 0,087 mefkg Copper 61 mg'kg
Lead 0,07 me/fkg Meroury <0001 me/kg
Selenium 0,48 me/kg Tin 0.27 mg/kg
E ng ﬂ-E uu':il.
salmonella not detected /258
Standard Plate Count <300 cfu/g
Enterchacteriaceas <10 cfu/g
B. cEreus <100 cfufE
Coagulase Positive Staph <100 cfu/g
E.coli <3.0MPN/E
Coliforms <3.0 MPN/E
Staphylococous aurews <10 cfuyg

jcrobiploeical it
The results of the microbiological analysis are provided above. These results apply to powder which was produced
under food grade conditions as described here. The results show that pathogens of potential concern were not
detected and results for Entercbacteriaceae and total counts were satisfactory; therefore indicate that the powder as
tested is suitable for human consumption | *confirmed and approved by the Food Risk Assessment Team, CSIRO Food
& Mutrition Flagship).

Comments:

all ingredients used in the manufacture of these samples are food grade. The powder was prepared under a food
safety plan with good manufacturing practices at CSIRO Food & Mutrition Flagship werribee pilot plant facility.

The mbswe information is befieved to be scourate to the best of our inowlsdge. CSIRG connot: assume any Euamntes srsinst natursl product
warinticns, lisbilities and risks assocated with the changes in the product spedifications during subssquent shorage and handling.

lofl
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(d) Product specification of the beef meat powder

FOOD AND NUTRITION FLAGSHIP

571 Sneydes Rond, Wemibes ¥IC 3030
Privarte Bagg 48, Werribes VIC 3030, Australin

T +61 35731 3200 = ABN £1 &27 119 730

Product ification

Product: Bovine Additive 2

Date of Manufacture: 30 March 2015

Description: Beaf meat powder is a freeze dried powder processed from Halal certified edible minced
beaf meat. This product appears as a brownish powder.

Process: chilled raw minced beef meat are cooked (80°C for 15 min), rinsed with hot water, and
frozen. The frozen beef is freeze dred, milled, sieved, and blended to meet the
spacifications.

Specifications:

Erodmates
Moisture 1.4%
Fat 22 4%
Protein 65.9%
ash 1.6%
carbohydrate 9%
Vitamin:
Vitamin & 22 pg/100g
Trace Elements:
Iron 45 mg'kg Zinc 180 mg/kg
Antimony <0001 me/kg Arsenic 0,032 mefkg
Cadmium 0,01 mefkg Copper 26 mg'kg
Lead 0,013 mefkg Meroury <0001 me/kg
Selenium 0.2 mg'kg Tin 0,024 mefkg
Engu'n Hﬂ-iil'
salmonella not detected /258
Standard Plate Count <1200 cfu/g
Enterchacteriaceas <10 cfu/g
B. cEreus <100 cfufE
Coagulase Positive Staph <100 cfu/g
E.coli <3.0MPN/E
Coliforms <3.0 MPN/E
Staphylococous aurews <10 cfuyg

jcrobiploeical it
The results of the microbiological analysis are provided above. These results apply to powder which was produced
under food grade conditions as described here. The results show that pathogens of potential concern were not
detected and results for Enterobacteriaceas and total counts were satisfactory; therefore indicate that the powder as
tested is suitable for human consumption | *confirmed and approved by the Food Risk Assessment Team, CSIRO Food
& Mutrition Flagship).

Comments:
all ingredients used in the manufacture of these samples are food grade. The powder was prepared under a food
safety plan with good manufacturing practices at CSIRO Food & Mutrition Flagship werribee pilot plant facility.

N
The abowe information is believed to be soourste to the best of our knowledge. CSIRC connot assume any Euamntee agsinst natural product
varintions, lisbilities and risks assocated with the changes in the product spedifications during subssquent shorage and handling.

lofl
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(e) Product specification of the beef meat and liver blend powder

FOOD AND NUTRITION FLAGSHIP

671 Sneyes Rosd, Wermibes VIC 3030
[Privvrte B 16, Werrines VIC 3034, Australia
T +135731 3200 - ABN &1 8571197230

Product: Bovine additive 3
Date of Manufacture: 30 March 2015

Desoription: A 20cB0 blend of Bovine Additive 1 product (beef liver powder] and Bovine Additive 2
product (beef meat powder).
Process: Both products were processed separately as detailed in Bovine Additive 1 product (beef
liver powder) and in Bovine Additive 2 product |beef meat powder).
Specifications:
Eroxmates;
Moisture 2.6%
Fait 19.2%
Protein s
ash 71%
carbohydrate <1.0%
Vitamin:
vitamin A 175 p.gf:lﬂ:g
Trace Elements:
Iron 615 me/kg Zinc 155 mg/kg
Antimony <0001 me/kg Arsenic 0U028 mefkg
Cadmium 0.018 mefkg Copper 15.0 mg/kg
Lead 0,026 mefkg Meroury <0001 me/kg
Selenium 0.28 mg/kg Tin 0,048 mefkg
Bacteriological:
salmonella not detected /258
Standard Plate Count <300 cfu/g
Enterchacteriaceas <10 cfu/g
B. cereus <100 cfu/g
Coagulase Positive Staph <100 cfu/g
E.coli <3.0MPN/E
Coliforms 3.6 MPN/E
Staphylococous aurews <10 cfuyg

Microbiological result®:

The results of the microbiological analysis are provided above. These results apply to powder which was produced
under food grade conditions as described here. The results show that pathogens of potential concern were not
detected and results for Enterobacteriaceae and total counts were satisfactory; therefore indicate that the powder as
tested is suitable for human consumption | *confirmed and approved by the Food Risk Assessment Teamn, CSIRO Food
& Nutrition Flagship).

Comments:
all ingredients used in the manufacture of these samples are food grade. The powder was prepared under a food
safety plan with good manufacturing practices at CSIRO Food B Nutrition Flagship werribee pilot plant facility.

The: abowe information is believed to be scourste to the best of our lnowledge. CSIRC cannot assume ey puamntes agsinst natural product
wawrinticns, liibilities and risks assocated with the changes in the product spedfications during subssquent shorage and handling.

lofd
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(f) Product specification of the placebo powder

FOOD AND NUTRITION FLAGSHIP

671 Sneyes Rosd, Wemibes VIC 3030
[Privvrte B 16, Werrines VIC 3034, Australia
T +135731 3200 - ABN &1 8571197230

Product: Pacebo
Date of Manufacture: 29 March 2015

Description: PMacebo powder is a freeze dried powder processed from food prade maltodextrin with
added Halal compliance beef-based flavowring and colouring. This product appears as a
browmish powder.

Process: Maltodextrin powder is added with water, beef flavouring and colouring, then blendad and
frozen. The frozen placebo is freeze dried, milled, sieved and blended to meet
spacifications.

Specifications:

Eroxmates;
Moisture 2.6%
Fait <0.2%
Protein 0.3%
ash <0.1%
carbohydrate 97%
Vitamin:
Vitamin & <5 g/ 100g
Irage Clements,
Iron <2 mg/kg Zinc 0.265 mgfkg
Antimony <0001 me/kg Arsenic <0001 me/kg
Cadmium 0,01 mefkg Copper 0,089 mefkg
Lead 0,017 mefkg Meroury <0001 me/kg
Selenium 0,01 mefkg Tin 0,01 mefkg
Engu'n Hﬂ-iil'
Salmonell not detected /258
Standard Plate Count <40 cfu/g
Enterchacteriaceas <10 cfu/g
B. cEreus <100 cfufE
Coagulase Positive Staph <100 cfu/g
E.coli <3.0MPN/E
Coliforms <3.0 MPN/E
Staphylococous aurews <10 cfuyg

Miicrobiological reswit®:

The results of the micobiological analysis are provided above. These results apply to powder which was produced
under food grade conditions as described here. The results show that pathogens of potential concern were mot
detected and results for Enterobacteriaceas and total counts were satisfactory; therefore indicate that the powder as
tested is suitable for human consumption |*confirmed and approved by the Food Risk Assessment Team, CSIRD Food
& Nutrition Flagship).

Comments:
all ingredients used in the manufacture of these samples are food grade. The powder was prepared under a food
safety plan with good manufacturing practices at CSIRO Food & Mutrition Flagship werribee pilot plant facility.

The: abowe information is believed to be scourste to the best of our lnowledge. CSIRC cannot assume any Euamntee agsinst natural product
wawrinticns, liibilities and risks assocated with the changes in the product spedfications during subssquent shorage and handling.

lofd
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(g) Letter of importation from Indonesian collaborators

KEMENTRIAN PENDIDIKAN & KEBUDAYAAN
FAKULTAS KEDOKTERAN UNIVERSITAS PADJADJARAN

DEPARTEMEN ILMU GIZI MEDIK
JL Prof. Eijkman No. 38 Bandung Telp. (022) 2037234 Fax. (022) 2038305

Nomeor - 079/UN6.C.1.1.10/TU2015 25 Mex 2015

To Whom It May Concern:

This 15 a statement of declaration that the mmportation of dned bovine product samples from
Commonwealth Scientific and Industrial Research Orgamsation (CSIRO) m Australia info Indonesia
15 solely for non-commercial, research purposes.

Universitas Padjadjaran in Bandung, Indonesia (Dr Gaga Irawan Nugraha) is collaborating with the
University of Otago. New Zealand (Dr Lisa Houghton) and CSIRO, Australia to investigate food-
based strategies for preventing muicromutrient deficiencies, m particular won and zinc deficiency,
which is a major concem in Indonesian infants.

Meat products are a nch source of micronuirients required for normal growth and development,
mcluding protein, iron and zinc and inadequate mtakes of these nutments can lead to stinting. There
is good evidence that consumption of meat products, including beef meat and beef liver, between 6
and 12 months of age are important for preventing iron and zine deficiency and supporting optimal
growth and development in young children.

Our research to date mmdicates that nearly 20% of mfants in Sumedang, West Java are stunted and that
many are not meeting the World Health Organization dietary recommendations” relating to intake of
iron and zinc-rich foods such as meat, fish and pouliry (see appendix). Since barriers to consumption
mclude food safety concems and cost, we are exploning ways in which to improve access to meat
products n a safe and economical way.

To that end, we have sought expertise from CSIRO in Australia, with financial support from Meat &
Livestock Australia, to develop suitable dried meat products according to specifications required for
food safety, eating and nutritional quality as well as being Halal certified.

Four prototypes have been developed, mcluding a beef liver powder, beef meat powder, beef meat
and liver powder blend, and a placebo powder made from starch (maltodextrin), beef flavouring and
brown colouring. Each of these products will be packaged in sachets containing 15-20g.

The next phase of our research 1s to test the smtabality of these prototype products m the home. To
that end_ a 2 week study involving 97 mother-infant pairs in Sumedang is planned. Mothers will add
each of the products to the child’s meal e g. rice pormidge and report on acceptance of the product by
both the child and mother.

The results will inform the next phase of our research which will determine whether these products
have the potential to correct micronutrient deficiencies found to be prevalent in this commmmity.

The findings of this research will help to mmprove the hives of Indonesian children and achieve
EcOnomic savings by reducing disease burden, mproving school results and ultmately, adult work
productivity. In addihon, the collaboration supports shanng of expertise which 15 essential for
building academic capacity at the Universitas Padjadjaran.

Sincerely yours,

Y

Dr. Gaga|Irawan Nugraha,dr. SpGE M Gizi
NIP. 1710305200012 1 002
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